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■ HE rapid evolution of constructive methods in recent 
years, as illustrated in the use of steel and concrete, 
s-iid the increased size and complexity of buildings, 
has created the necessity for an authority which shall 
embody accumulated experience and approved practice along a 
variety of correlated lines. The Cyclopedia of Architecture, 
Carpentry, and Building is designed to fill this acknowledged 
need. 


:..i There is no industry that compares with Building in the 
close interdependence of its subsidiary trades. The Architect, 
for example, who knows nothing of Steel or Concrete con¬ 
struction is to-day as much out of place on important work 
as the Contractor who cannot make intelligent estimates, or who 
understands nothing of his legal rights and responsibilities. A 
carpenter must now know something of Masonry, Electric Wiring, 
and, in fact, all other trades employed in the erection of a build¬ 
ing; and the same is true of all the craftsmen whose handiwork 
will enter into the completed structure. 

^ Neither pains nor expense have been spared to make the 
present work the most comprehensive and authoritative on the 
subject of Building and its allied industries. The aim has been, 
not merely to create a work which will appeal to the trained 




expert, but one that will commend itself also to the beginner 
and the self-taught, practical man by giving him a working 
knowledge of the principles and methods, not only of his own 
particular trade, but of all other branches of the 33uilding Indus¬ 
try as well. The various sections have been prepared especially 
for home study, each written by an acknowledged authority on 
the subject. The arrangement of matter is such as to carry the 
student forward by easy stages. Series of review questions are 
inserted in each volume, enabling the reader to test his knowl¬ 
edge and make it a permanent possession. The illustrations have 
been selected with unusual care to elucidate the text. 

The work will be found to cover many important topics on 
which little information has heretofore been available. This is 
especially apparent in such sections as those on Steel, Concrete, 
and Eeinforced Concrete Construction; Building Superintendence; 
Estimating; Contracts and Specifications, including the princi¬ 
ples and methods of awarding and executing Government con¬ 
tracts; and Building Law. 

The Cyclopedia is a compilation of many of the most valu¬ 
able Instruction Papers of the American School of Correspond¬ 
ence, and the method adopted in its preparation is that which this 
School has developed and employed so successfully for many years. 
This method is not an experiment, but has stood the severest of all 
tests—that of practical use—which has demonstrated it to he the 
best yet devised for the education of the busy working man. 

In conclusion, grateful acknowledgment is due the staff of 
authors and collaborators, without whose hearty co-operation 
this work would have been impossible. 
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STRENGTH OF MATERIALS, 


PART I. 


2 


SIMPLE STRESS. 

I. Stress. 'When foi-ces ai“o applied to,a body they tend in a 
greater or less degree to break it. Preventing or tending to pre- 
vent the rupture, there arise, generally, foi’ces between, every two 
adjacent parts of the body. Thus, when a 
load is suspended by means of an iron rod, til 

the rod is subjected to a downward pull at r 
its lower end and to an upward pull at its 
upper end, and these two forces tend to pidl 
it apart. At any cross-section of the rod 
the iron on either side “holds fast” to that on 
the other, and these forces wliieh the parts 
of the rod exert upon each other prevent 
the tearing of the rod. For example, in Fig. 

1, let a represent the rod and its suspended 
load, 1,000 pounds; then the pull on the 
lower end equals 1,000 pounds. If we neg- 
lect the weight of the rod, the pull on the L_ 
up|)er end is also 1,000 pounds, as shown in 
Fig. 1 (&); and the upper part A exerts 
on the lower part B an upwai-d pull Q equal 
to 1,000 pounds, while the lower part exerts 


ci± 


] 


Fig. 1. 
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on the upper a force P also equal to 1,000 pounds. These two 
forces, P and Q, prevent rupture of the rod at the “section” C; at 
any other section there are two forces like P and Q preventing 
rupture at that section. 

By stress at a section^ of a body is meant tlie force which the 
part of the body on either side of the section exerts on the other. 
Thus, the stress at the section O (Fig. 1) is P (or Q), and it equals 
1,000 pounds. 

3. Stresses ai;e usually expressed (in America) in pounds, 
sometimes in tons. Thus the stress P in the preceding article is 
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1,000 poutuls, or ton. Notice that this value has nothing to do 
with the sixe of the cross-section on which the stress acts. 

3 . Kinds of Stress, (a) 'When the forces acting on a body 
(as a I’ope or rod) are such, that they tend to tear it, the stress at 
any cross-section is called a tension or a tensile steeds. Tlie 
stresses P and Q, of Fig. 1, are tensile stresses. Stretched ro])es, 
loaded “tie rods” of roofs and bridges, etc., are under tensile stress, 
(h.) "When the forces acting on a body (as a short post, brick, 

etc.) are such that they tend to 
crush it, the stress at any sec¬ 
tion at right angles to the di¬ 
rection of the crushing forces is 
called a pressure or a (utinpi'es- 
shoe stress. Fig. 2 (//) repre¬ 
sents a loaded post, and Fig. 2 
(7i) the upper and lower parts. 
The upper part presses down oja 
B, and the lower pai’t presses tip 
on A, as shown. P or Q is 
the compressive stress in the 
post at section C. Loaded posts, 
or struts, piers, etc., are under 
compressive stress- 

(c.) MTien the forces acting 
on a body (as a rivet in a bridge 
joint) are such that they tend to cut or “ shear ” it across, the stress 
at a section along which there is a tendency to cut is called a s/unr 
or a shearing stress. This kind of stress takes its name ftxim the 
act of cutting with a pair of shears. In a material which is being 
cut in this way, the stresses that are being “overcome” are shear¬ 
ing stresses- Fig. 3 {jt') represents a riveted joint, and Fig. 3 (7>) 
two parts of the rivet. The forces applied to the joint nro such 
that A tends to slide to the left, and B to tlie right; tlieu B excM*t.s 
on A a force P toward the right, and A on 13 a force Q toward the 
left as shown. P or Q is the shearing stress in the j-ivet. 

Tensions, Compressions and Shears are called simph; slrrsses. 
Forces may act upon a body so as to produce a combination of simple 
stresses on some section; such a combination is called a complex 
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Tlio stresses in‘beams are usually complex. Theie are otlier 
terms used to describe stress; they will be defined farther on. 

4 . Unit=Stress. It is often necessary to specify not merely 
the amount of the entire stress which acts on an area, but also the 
amount which acts on each unit of area (sq^uare inch for example). 
By unit-stress is meant stress per unit area. 

To find the value of a unit-stress; Divide tJie whole iit/'ens hy 
the whole urect of the section 01 % which it ctcts^ ov ovei' lohichb it is 
distributed. Thus, let 

P denote the value of the whole stress, 

A the area on which it acts, and 
S the value of the unit-stress; then 
P 

S=-^, also P =i"AS. (l) 

Strictly these formulas apply only when the stress P is uniform, 



To 

Fig. 3. 


that is, when it is uniformly distributed over the area, each square 
inch for example sustaining the same amount of stress. "When 
the stress is not uniform, that is, when the stresses on different 
square inches are not equal, then P-^-A equals the average value 
of the unit-stress. 

5 . TJnit-sti-esses are usually expressed (in America) in 
pounds per square inch, sometimes in tons per square inch. If 
P and A in equation 1 are expressed in pounds and square 
inches respectively, then S will be in pounds per square inch; and 
if P and A are expressed in tons and square inches, S will be in 
tons per square inch. 

Emaimfles. 1. Suppose that the rod sustaining the load in 
Fig. 1 is 2 square inches in cross-section, and that the load weighs 
1,000 pounds. "What is the value of the unit-stress 1 
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Here P = 1,000 pounds, A= 3 squtire inches; hence. 

g _ = uOO pounds ijer scixiure inch. 

2, Suppose that the rod is olle-hal^ square inch in cross-secj- 
tion. What is the value of the unit-stress ? 


A =-isquare inch, and, as before, P— 1,000 pounds; hence 


S = 1,000-1—^ = 3,000 pounds per square inch. 


Notice that one must always divide the whole stress by tho area to get 
the unit-stress, whether the area is greater or less than one. 

6 . Deformation. "Whenever forces are applied to a body it 
changes in size, and usually in. shajie also. This change of size 
and shape is called deformation. Deformations are usually meas¬ 
ured in inches; thus, if a rod is stretched 3 inches, the “elonga¬ 


tion’’— 2 inclies. 

7 . Unit-Deformation. It is sometimes necessaiy to specify 
not merely the value of a total deformation hut its amount jiex 
unit length of the deformed body. Deformation per unit length 
of the deformed body is called unit-deformation. 

To find the value of a unit-defoimation: DioUTo the'H'hnle 
d6foTTfuition hy tJte IcmgtTi owe tehieJi 'if 'is {listeihutail. Thus-, if 
D denotes the value of a deformation, 

I the length, 

s the unit-deformation, then 


D 


«=== 


also D=/«. 


( 2 ) 


Both D and Z should always be expressed in tho same unit, 

JEmtm.ple. Suppose that a 4-foot I’od is elongated iricli. 
"WTiat is the value of the unit-defoi-mation? 

Here D=-^- inch, and ?=4 feet=4S inches; 
hence s==^-i-4S-=-8V inch. 

That is, each inch is elongated inch. 

Unit-elongations are sometimes expressed in per cent. To 
express an elongation in per cent: UiviJe the doufjiition, lu, •ui.cJuis 
Zy the OTiyinaZ Zenyth in i-ncheSyatifZ 9Hi(-7iijiZy Zy JOO. 

6. Elasticity. Most solid bodies when dcforme<l will regain 
more or less completely their natural size and shape when the de- 
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forming forces cease to act. TMs property of regaining size and 
shape is called elasticity. 

■We may classify bodies into kinds depending on the degree 
of elasticity which they have, thus: 

1* I*6vy^ectly eliisitG hodiesj these will regain their orig¬ 
inal form and size no matter how large the applied forces are if 
less than breaking values. Strictly there are no such materials, 
but rubber, practically, is perfectly elastic. 

2 . ImjyerfectJy elastio bodies; these will fully regain their 
original form and size if the applied forces are not too large, and 
practically even if the loads are large but less than the breaking 
value. Most of the constructive materials belong to this class. 

3. Inelastic ov 2 >lastiG bodies; these will not regain in the 
least their original form when the applied forces cease to act. Clay 
and putty are good examples of this class. 

9. Hooke’s Law, and Elastic Limit. If a giadually increas- 
ing force is applied to a perfectly elastic material, the deformation 
increases proportionally to the force; that is, if P and P' denote 
two values of the force (or stress), and D and D' the values of the 
deformation produced by the force, 

then P:P':: D:D'. 

This relation is also true for imperfectly elastic materials, 
provided that the loads P and P' do not exceed a certain limit depend¬ 
ing on the material. Beyond this limit, the deformation increases 
much faster than the load; that is, if within the limit an addition 
of 1,000 pounds to the load produces a stretch of 0^.01 inch, beyond 
the limit an equal addition produces a stretch larger and usually 
much larger than 0.01 inch. 

Beyond this limit of proportionality a pai-t of the deformation 
is permanent; that is, if the load is removed the body only partially 
recovers its form and size. The permanent part of a deformation 
is called set. 

The fact that for most materials the deformation is propor¬ 
tional to the load within certain limits, is known as Hooke’s Law. 
The unit-stress within which Hooke’s law holds, or- above which 
the deformation is not proportional to the load or stress, is called 
elastic TAvnit. 
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lo. Ultimate Strength. By ultimate tensile, con.pressive, 
or sliearinj^ stivngtE of a material is meant tlio greatest tensile, 
compressive, or slieai'iug unit-stress wliicli it can withstand. 

before mentioned, when a material is subjeeled to an in¬ 
creasing load the deformation increases faster than the loud beyond 
the elastic limit, and much faster near the stage of rupture. Not 
only do tension bars and compression blocks elongate and shorten 
respectively, but their cross-sectional areas change also; tension 
bars thin down and compression blocks ‘‘swell out” more or less. 
The value of the ultimate strength for any matei-ial is ascertained 
by subjecting a specimen to a gradually increasing tensile, com¬ 
pressive, or shearing stress, as the case may be, until rii])ture oc¬ 
curs, and measuring the greatest load. Tha T}rea7cin<j loud dividt d 
l>y the avea of the original oi'osssection sustaiiving the fdress, in ilu: 
value of the ultimate strength. 

JSxo.mple. Suppose that in a tension test of a wrought-iron 
rod ^ inch in diameter the greatest load was 12,540 pounds. "WHiat 
is the value of the ultimate strength, of that grade of wrought iron? 
The original area of the cross-section of the rod m us 
0.7854 (diameter)®=0.7S54Xj=0.1904 squai’© inches; hence 
the ultimate strength equals 

12,540-5-0.1904=03,850 pounds per square inch. 

II- Stress-Deformation Diagram. A “test” to dettn’inim* 
the elastic limit, ultimate strength, and other information in re¬ 
gard to a material is conducted by applying a gruduully incri«t,sing- 
load until the B]>ecimen is broken, and noting the deformation cor¬ 
responding to many values of the load. Hie fii*st and secoml col¬ 
umns of the following table are a record of a tension test t>ii a ste*-! 
rod one inch in diameter. The numbers in the first eoluinn are 
the values of the pull, or the loads, at which the elong-al ion of 
the specimen was measured. The elongations aregivcm in tht) sec¬ 
ond column. The numbers in the third and fourth columns an- 
the values of the unit-stress and unit-elongation coirrespomling to 
the values of the load opposite to them. The numhei-s in tin- 
third column were obtained from, those in the first by dividing 
the latter hy the area of the cross-section of the rod, 0.7854 
square inches. Thus, 

3,930-5-0.7854=6.000 
7.850-5-0’.7864==10.00(). em. 
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Total Pull 
in ijountlri, P 

Poformatioii 
in inches, D 

Uiiit-Stro&s ill 
IK)Ull<ls 

Sfiuaro iiicli, S 

ITrdt- 

Deruruiutioii, 

s 

3930 

0.00136 

5000 

0.00017 

7850 

.00280 

looaj 

.OOOfJS 

11780 

.00404 

i5oaj 

.00050 

15710 

.00338 

20000 

.00067 

19635 

.00672 

25000 

.00084 

23560 

.00805 

30000 

.00101 

27490 

.00942 

35000 

.00118 

31415 1 

.01080 

40000 

.00135 

35345 

.01221 

45000 

.00153 

39270 

.0144 

50000 

.00180 

43200 

.0800 

55000 

.0100 

47125 

.1622 

60000 

.0202 

51050 

.201 

65000 

.0251 

54980 

.281 

70000 

.0351 

58910 

.384 

75000 

.048 

62a32 

.560 

80000 

.070 

65200 

1.600 

83000 

.200 


The mirabers in the fourth column were obtained by dividing 
those in the second by the length of the specimen (or rather the 
length of that part whose elongation was measured), 8 inches. 
Thus, 


0.00130-^-8 == 0.00017, 

.00280-5-8 = .00035, etc. 

Looking at the first two columns it will be seen that the elonga¬ 
tions ai*e practically proportional to the loads up to the ninth load, 
the increase of stretch for each increase in load being about 0.00135 
inch; but beyond the ninth load the increases of stretch are much 
greater. Hence the elastic limit was reached at about the ninth 
load, and its value is about 45,000 pounds per square inch. The 
greatest load was 65,200 pounds, and the corresponding unit-stress, 
88,000 pounds per square inch, is the ultimate strength. 

Nearly all the information revealed by such a test can be 
well represented in a diagram called a stress-defonaation diagram. 
It is made as follows: Lay off the values of the unit-deformation 
(fourth column) along a horizontal line, according to some-con¬ 
venient scale, from some fixed point in the line. At the points on 
the' horizontal line representing the various unit-elongations, lay 
oflE perpendicular distances equal to'the corresponding unit-stresses. 
Then connect by a smooth curve the upper ends of all those dis¬ 
tances, last distances laid‘off. Thus, for instance, the highest unit- 
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elougation (0.20) laid off from o (Fig. 4) fixes tlie point r/, and a 
perpendienlur distance to 3‘eproseut tlie liighest unit-stress (^3,000) 
fixes tlie point h. All tlie points so laid off give the curve ovh. Tlie 
part oo, -vritliin tlie elastic limit, is straight and nearly vertical 
while the remainder is carved and more or less horizontal, especially 
toward the ])olnt of rupture 1>. Fig. 6 is a tyjiical stress-defor¬ 
mation diagi'am for tiniLer, cast iron, wrought iron, soft and hard 
steel, in tension and compression. 

13. Working Stress and Strength, and Factor of Safety. 
The greatest unit-stress in any jiart of a structure when it is sus¬ 
taining its loads is called tlie 
stt‘e!<s of tliat part. If 
it is under, tension, coiiijiression 
and shearing stresses, then the 
corresponding highest unit- 
stx'esses iu it are called its work¬ 
ing stress in tension, in com¬ 
pression, and in shear respect¬ 
ively; that is, we speak of as 
many Avorking stresses as it has 
kinds of stress. 

By 'loorliUKj streiHjth ot a inatorial to Le used for a certain 
purpose is meant tlie liigliest unit-stress to which tlie matei-ial 
ought to be subjected wlieii so used. Each material has a working- 
strength for tension, for compression, and for shear, aiid tht*y are in 
general different. 

faofop of S(ffefy is meant the ratio of the ultimate stnmglh 
of a material to its working stress or stx’ength. Tlius, if 
Sq denotes ultimate strengtli, 

denotes working stress or strengtli, and 
y* denotes factor of safety, then 

/ = .lsoS. = |;. (3) 

When a structure which has to stand certain loads is about 
to be designed, it is necessary to select working strengths or fac¬ 
tors of safety for the materials to he used. Often the selection is 
a matter of great importance, and can he wisely performed only 
hy an experienced engineer, for this is a matter where hard-and- 
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fast rules should not govei-n hut i-ather the judgnieut of the ex]>ert. 
But there are certain principles to be used as guides in making a 
selection, chief among "which are: 

1. The working strength should be considerably below the 
elastic limit. (Then the deformations will be small and not per- 
inanent.) 



Fig. 5. (After Johnson.) 


2. The working strength should be smaller for parts of a 
structure sustaining varying loads than for those whose loads are 
steady. (Actual experiments have disclosed the fact that the 
strength of a specimen depends on the kind of load put upon it, 
and that in a general way it is less the less steady the load is.^ 

3. The working strength must be taken low for non-uniform 
material, where poor workmanship may be expected, when the 
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knulrf mv uiuvrUiii, etc. J^-incipk-s 1 and 2 Lave been reduced 
to ti"'iuvK or t'onuulart for jininy parlicukir ctiBca, but tlie third must 
,• 01 . 1^111 a subject for display of judgment, and even good guessing 


in inany cases. ' . , , . i -,i i. 

The following is a ta]>le of factors of salety '- which will be 

used in the problems; 


Factors of Safety. 



1\>P steady 

(T3ni1djn^?s.> 

For varyiiii^ 
stress. 
rBridiJfOH.) 

For siiooks. 
(Machines.) 

Tjtiibt*r 

Brick and stone 
Cast iron _ 
Wrought iron 
Stool 

8 

15 

6 

t 

10 

25 

15 

? 

15 

.30 

20 

10 

15 


They must be regarded as average values and are not to bo 

adopted in every case in practice. 

lUxUhixAes. 1. A wrought-iron rod 1 inch in diameter sus¬ 
tains a load of 30,000 pounds. "VV^hat is its working stress? If 
its ultimate strength is 50,000 pounds per square inch, what is 
its factor of safety % 

The area of the cross-section of the rod equals 0.7864 X (diam- 
y ia=:0.7854 square inches- Since the whole stress 
on the cross-section is 30,000 pounds, equation 1 gives for the 


unit working stress 

g == = 38,197 pounds per scpiare inch. 

Equation 3 gives for factor of safety 

^ 60,000 
•/—38,197 ~ 

2. How large a steel bar or rod is needed to sustain a steady 
pull of 100,000 pounds if the ultimate strength of the material is 
05,000 pounds ? 

The load being steady, we use a factor of safety of 5 (sco table 
above); hence the working strength to bo used (see equation 3) is 

g — ^^>900 _ 23^000 pounds per square inch, 

o 

The proper area of the cross-section of the rod can now be com¬ 
puted from equation 1 thus: 

**®Taken from MerrimaTi’s ‘'‘Mechanics of Materials.' 
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IS 



lU0,0<')f) 
18,000 ■ 


.002 sq[uare incliess. 


A bar 2 X4 iiiclies in cross-section wotiM bo a little stronger 
'tbau necessary. To find the diameter (r?) of a round rod of suffi¬ 
cient strength, we write 0.7834 rZ^ = 7.CU2, and solve the eouatioii 
ford/ thus: 

*7 ( 3 Q 9 

" == 9 . 794 , or d = 3.129 inches. 

0.7854 ’ 


8. How lai-ge a steady load caix a short timber |iost safely sus¬ 
tain if it is 10X10 inches in cross-section and its ultimate com¬ 
pressive sti’ength is 10,000 pounds per square inch ? 

According to the table (page 12) the proper factor of safety is 
8, and hence the working strength according to eqitation 3 is 

S =-n— Ij2o0 pounds per sqxiare men. 

o « 

The area of the cross-section is 100 square inches; hence the safe 
load (see equation 1) is 

P == 100 X 1,250 = 126,000 pounds. 

4. IVlien a hole is punched through a plate the shearing 
stx'engthof the material has to be overcome. If the ultimate shear¬ 
ing strength is 50,000 pounds per square inch, the thickness of the 
])hite ^ inch, aixd the diameter of the hole ^ inch, what is the value 
of the force to be overcome ? 

The area shorn is that of the cylindrical siu’face of the hole 
or the metal punched oxit; that is 

3,1410 X diameter X thickness -- 3.1410 x § X ^ == 1-178 sq. in. 
Hence, hy equation 1, the total shearing strength or resistance 
to punching is 

P = 1.178 X 60,000== 58,900 pounds. 

STRENGTH OF MATERIALS UNDER SIMPLE STRESS. 

13. Matevials in Tension. Practically the only materials 
used extensively under tension are timber, wrought iron and steel, 

and to some extent cast iron. 

Timber. A successful tension test of wood is diflficult, 
as the specimen usually crushes at the ends when held in the test¬ 
ing machine, splits, or fails otherwise than as desired. Hence the 
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tensile streiigtlis of woods are not well known, but the following 
may be takmi as approximate average values of the ultimate 
strengths of the Avoods named, Avhen ‘‘dry out of doors.’’ 

Homloek, 7,000 pounds por square inch. 

White pine, 8,000 

Yellow pine, long: leaf, 12,000 “ “ 

“ “ 5 Mhort leaf, 10,000 “ “ 

Dong’las spruce, 10,000 “ “ 

White oak, 12,000 “ “ 

lied oak, 9,000 “ “ 

15 . Wrought Iron. The process of the manufacture of 
wrouo-ht iron gives it a “grain,” and its tensile strengths along and 
across the grain are xmecjual, the latter heing ahout three-fourths 
of the former. The ultimate tensile strength of WTOught iron 
along the grain varies from 45,000 to 65,000 pounds per square 
incK Strength along the grain is meant when not otherwise 

stated. * 

The sti-ength depends on the size of the piece, it heing greater 
for Binull than for large rods or hars, and also for thin than for 
thick plates. The elastic limit varies from riSjOOO to 40,000 
pounds per square inch, de])endingon the size of the l>a.r or j»]ato 
even more than the ultimate strength, AVrouglit ii-on i.s xeiy 
ductile, a specimen tested in tension to destruction elongating from 
5 to 25 i)er cent of its length. 

16. Steel, Steel has more or less of a grain hut is practically 
•of the same strength in all directions. To suit different purjKJSes, 
steel is made of various grades, chief among which may he men¬ 
tioned rh-et steel, sheet steel (for boilers), medium stetd (for 
bridges and buildings), rail steel, tool and sjming steel. In general, 
these grades of steel are hard and strong in the order named, tin* 
ultimate tensile strength I'angiug from about 50,000 to 100,000 
pounds per square inch. 

There are several grades of structural steel, which may be 
desci'ibed as follows:* 

1. Eivet steel: 

Ultimate tensile strength., 48,000 to 58,000 pounds per square inch. 

iElastio limit, not less than one-half the ultimuto strength. 

Elongation, 26 per cent. 

Bends 180 degrees flat on itself without fracture. 


*Takon from “ Manufacturer’s Standard Specifications.” 
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2. Soft steel: 

Ultimato tensile strength, 52,(XX) tcj 62.(X)0 pouiuls jx-r suuarc inch. 

Elastic limit, not less than onc-half the ultimatt* strength. 

Elongation, 25 iier cent. 

Eends 180 degrees flat on itself. 

13. Moclitmt steel: 

Ultimate tensile strength, 00,000 to 70,000 pounds per s.iunro inch. 

Elastic limit, not less than one-half the ultimate strength. 

Elongation, 32 per cent. 

Bends 180 degrees to a diameter equal to the thickness of the 
specimen without fracture. 

*7- Cast Iron. As in tlio case of steel, tliere ai"e many 
grades of cast iron. Tlie grades are not tlie same for all localities 
or districts, l^ut tliey are based on tbe appearance of tbe fractures, 
wbicb vary from coarse dark grey to fine silvery white. 

Tlie ultimate tensile sti-engtli does not vary uniformly with 
tbe grades but depends for tbe most part oil tbe percentage of 
“combined carbon” present in tbe iron. This strengtb varies from 
15,000 to 35,000 pounds per square inch, 2(>,000 being a fair 
average. 

Cast iron lias no well-defined elastic limit (see curve for east 
iron, ibg. 5). Its ultimate elongation is about one per cent. 

EXAMPLES FOR PRACTICE. 

1, A steel wire is one-eigbtb ineb in diameter, and tbe ulti¬ 
mate tensile strengtb of tbe material is 150,000 pounds per square 
ineb. How large is its breaking load ? Ans. 1,840 pounds. 

2. A wrougbt-iron rod (ultimate tensile strengtb 50,000 

pounds per square ineb) is 2 inches in diameter. How large a 
steady pull can it safely bear ? Ans. 39,270 pounds. 

i8. Materials in Compres.sion. Unlike tbe tensile, tbe 
compressive' strengtb of a specimen or structural part depends on 
its dimension in tbe direction in which tbe load is applied, for, 
in compression, a long bar or rod is weaker than a sboi't one. At 
present we refer only to tbe strengtb of short pieces sneb as do 
not bend under tbe load, tbe longer ones (columns) being dis¬ 
cussed farther on. 

Different materials break or fail under compression, in two 
very different ways: 

1. Ductile materials (structural steel, wrought iron, etc.), 
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and wood compressed across the grain, do not fail l>y bi'eaking into 
two distinct parts as in tension, but the former bulge out and 
flatten under great loads, while wood splits and mashes down. 
There is no particular point or instant of failure under increasing 
loads, and such materials have no definite ultimate strength in 
compression. 

2. Brittle materials (binck, stone, hard steel, cast iron, etc,), 
and wood compressed along the grain, do not mash gradually, but 
fail suddenly and have a definite ultimate strength in compression. 
Although the surfaces of fracture are always much inclined to the 
direction in which the load is applied (about 45 degrees), the ulti¬ 
mate strength is computed by dividing the total breaking load by 
the cross-sectional area of the specimen. 

The principal materials used under compression in structural 
work are timber, wrought iron, steel, cast iron, brick and stone. 

ip. Timber. As before noted, timber has no definite ulti¬ 
mate compressive strength across the grain. The lb S. Forestry 
Division has adopted certain amounts of compressive 
as marking stages of failure. Three per cent compression is 
regarded as working limit allowable,’^ and fifteen per cent as 
^<^an extreme limit, or as failure.^’ The following (exce 2 )t the first) 
are values for compressive strength from the Forestry Division 
Eeports, all in pounds per square inch: 


Hemlock. 

TJltimatPi stroTiffth 
alonpT tho ui. 

. 6,000 

Compress; Ion 
acrosK tim grrain 

White pine. 

. 6,400 

700 

Long-leaf yellow pine. 

. 8,000 

1,260 

Short-loaf yellow pino 

. 6,500 

1,050 

Douglas spruce. 

_ 5,700 

800 

White oak. 

. 8,500 

2,200 

Red oak. 

. 7,200 

2,300 

20. Wrought Iron, 

The elastic limit of 

wrought iron, as be- 

fore noted, depends very much upon tlxesize of the hars or ]>late, it 

being gi’eater for small bars and thin jxlates. 

Its value for com- 

pi’ession is practically the 

sxuue as for tension, 25,000 to 40,000 


pounds per square inch. 

31. Steel. The hard steels have the highest compressive 
strength; there is a recorded value of nearly 400,000 pounds ]>er 
square inch, hut 160,000 is probably a fair average. 
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The elastic limit in compression is practically the same as in 
tension, which is about 00 per cent o£ thenlthiiate tensile strength, 
or, for structural steel, about 25,000 to 42,000 pounds per square 
inch. 

23. Cast Iron. This is a very strong material in compres- 
sion, in which way, principally, it is used structurally. Its ulti¬ 
mate strength depends much on the proportion of “combined car- 
bon” and silicon present, and varies from 60,000 to 200,000 pounds 
per square inch, 90,000 being a fair average. As in tension, 
there is no well-defined elastic limit in compression (see curve for 
east iron, Eig. 6). 

23 . Brick. The ultimate strengths are as various as the 
kinds and makes of brick. For soft brick, the ultimate strength 
is as low as 600 pounds per square inch, and for pressed brick it 
varies from 4,000 to 20,000 pounds per square inch, 8,000 to 
10,000 being a fair average. Tlie ultimate strength of good pav- 
ing brick is still higher, its average value being from 12,000 to 
16,000 pounds per square inch. 

24 . Stone. Sandstone, limestone and granite are the 
principal building stones. Their ultimate strengths in pounds 
per square inch are about as follows: 

Sandstone,* 6,000 to 16,000, average 8,000. 

Limestone,* 8,000 « 16,000, “ 10,000. 

Granite, 14,00024,000, “ 16,000. 

*Compression at light angles to the “bed” of the atone. 

EXAMPLES FOR PRACTICE. 

1. A limestone 12 X12 inches on its bed is used as a pier 

cap, and bears a load of 120,000 pounds. IVhat is its factor of 
safety 2 Ans. 12. 

2. How large a post (short) is needed to sustain a steady 
load of 100,000 pounds if the ultimate compressive strength of 
the wood is 10,000 pounds per square inch I Ans.' 10 X10 inches. 

25 . Materials in Shear. The principal materials used under 
shearing stress are • timber, wrought iron, steel and cast iron. 
Partly on account of the difficulty of determining shearing 
strengths, these are not well known. 

3 <S. Timber. The ultimate shearing strength^ of the more 
important woods along grain are about as follows: 
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Hemlock, 

White pine, 
liong-ieaf yellow pine, 
Short-loaf “ “ 

Pouglas spruce, 

White oak, 

Ked oak, 


oOO pounds per square inch, 

400 “ 

ce 

850 ‘‘ 


I/O 

500 


1,000 “ 

it 

1,100 « 

it 


Wood rarely fails hy shearing across the grain. 


Its tiltixnate 





Fig. 6 a. 


m 

) ■ - 1.1 

Fig-Tei. 


shearing strength in that direction is probably four or five times 
the values above given. 

37 . Metals. The ultimate shearing strength of wrought 
iron, steel, and east iron is about 80 per cent of their respective 
ultimate tensile strengths. 


EXAMPLES FOR PRACTICE. 

1 . How large a pressure P (Fig. 0 o) exerted on the shaded 
area can. the timber stand before it will shear ofif on the surface 
aiad, Hal ~ 6 inches and 5<3 = 10 inches, and the ultimate shear¬ 
ing strength of the timber is 400 pounds per square inch ? 

Ans. 24,000 pounds. 

2. "When a holt is under tension, there is a tendency to tear 
the holt and to “strip” or shear off the head. The shorn area 
would be the surface of the cylindrical hole left in the head. 
Compute the tensile and shearing unit-stresses when P (Fig. 0 1)' 
equals 80,000 pounds, d — 2 inches, and t = 3 inches. 

( Tensile unit-stress, 9,550 pounds per square ineli. 

■ ( Shearing unit-stress, 1,696 pounds per square inch. 


REACTIONS OF SUPPORTS. 


28. Moment of a Force. By moment of a force with re¬ 
spect to a point is meant its tendency to produce rotation al)oxit 
that point. Evidently the tendency depends on the magnitude of 
the force and on the peipendicular distance of the line of action 
of the force from the point : the greater the force and the per¬ 
pendicular distance, the greater the tendencyj hence t/ie moment 
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of aforee wHlh to a j>ohit eq^ofls the j)i^fh7tfrt nf the force 

and the 2 >*- 02 ^*^odieHltrr dJfitaurc from thefor(u^ ft* fho 2 ruut. 

Tlie jioint with, respect to which the moment of one or more 
forces is taken is callecl an ongirb or ctjoter if •ijf 07 ne)it**<^ and the 
perpendicular distance from an origin of moments to the line of 
action of a force is called the ctrrfh of the force with respect to 
that origin. Thus, if Fj and s-re forces, their arms 

with respect to O' are and respectively, and their moments 
are andF/ir'g. "With respect to O" their arms are of and uf 
respectively, and their moments are F///' and Ejrf. 

If the force is expressed in pounds and its arm in feet, the 
moment is in foot-pounds; if the force is in pounds and the arm 
in inches, the inonient is in inch-potinds. 

29 * A is given to the moment of a force for conven¬ 

ience; the rule used herein is as follows: The ‘ 0 } 0 }uent of a 
force about a 2 >oint is 2 r>fiittve or 7ieijotioe accordh\y as it tends 
to fnm the body about that v/z, the oTochtcise or counter'^ 

clochic ise direction 
Thus the moment (Fig. 7) 

of F, about O' is negative, about O" positive; 

4C 6i Q' U Ci 

30. Principle of Moments. 

proper magnitude and line of ac¬ 
tion can balance any number of 
forces. That single force is called 
the equilibrujit of the forces, and 
the single force that would balance 
the eqiiilibrant is called the result¬ 
ant of the forces. Or, otherwise 
stated, the resultant of any num¬ 
ber of forces is a force which pro¬ 
duces the same effect. It can be 
proved that— The algebraic sum 
of the moments of any number 
of forces with respect to a pointy 
equals the moment of their re- 
stiltaoit about that point. 

*By clockwise direction is meant that in which the hands of a 
rotate; and by counter-clockwise, the opposite direction. 


, about O" negative. 

In general, a single force of 
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This is a useful principle and is called “principle of moments.’* 
31 . All the forces acting upon a body which is at rest are 
s&idi. to'be hulaJ 2 €e<Z ov in equ’dihi'iiim. No foi-ce is required to 
balance such forces and hence their equilibrant and I’esultant are 
zero. 

Since their resultant is zerc>, aJf/ehi'fiiG f^inn of the, 'nioni- 
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Fig. 8. 

ents (f any nunvlyeT if forces which are halanoeil or ni> eyitfilih- 
riu77i> equals se)‘o. 

This is known as the principle of moments for forces in 
equilibrium; for brevity we shall call it also “the principle of 
moments.” 

The principle is easily verified in a simple case. Thus, let 
A'R (Fig. 8) be a beam resting on supports at O and F. It is 
evident from the symmetry of the loading that each reaction 
equals one-half of the whole load, that is, ^ of 6,000=3,000 
pounds. ("We neglect the weight of the beam for simplicity.) 

With respect to C, for example, the moments of the forces 
are, taking them in order from the left: 

—1,000 X 4=— 4,000 foot-pounds 
3,000 X 0= 0 “ 

2,000 X 2= 4,000 

2,000 X 14 = 28,000 “ 

—3,000 X 18 =—48,000 « 

1,000X20= 20,000 

The algebraic sum of these moments is seen to equal zero. 

Again, with respect to B the moments are: 

—1,000 X 24 = —24,000 foot-pounds 
3,000 X 20 = 60,000 

—2,000 X 18 = —30,000 
— 2,000 X 8 = —12,000 
3,000 X 4= 12,000 

1,000 X 0= 0 •• 

The sum of these moments also equals zero. In fact, no matter 
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where the center of moments is taken, it will be found in this and 
any other balanced system of forces that tlie algebraic sum of their 
moments equals zero. The chief use that we shall make of this 
principle is in finding the supporting forces of loaded beams. 

33 . Kinds of Beams. A titUever is one resting on 

on© support or fixed at one end, as in a wall, the other end being 
free. 

A si'injpile heam is one resting on two supports. 

A reBtrai'ixed heav^ Is one fixed at both ends; a beam fixed at 
one end and resting on a support at the other is said to be re¬ 
strained at the fixed end and simply supported at the other. 

A continuons heccm is one resting on more than two supports. 

33 . Determination of Reactions on Beams. The forces which 
the supports exert on a beam, that is, the ^'•'supporting forces,’’ are 
called reactions. We shall deal chiefly with simple beams. The 
reaction on a cantilever beam supported at one point evidently 
equals the total load on the beam. 

When the loads on a horizontal beam are all vertical (and 
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this is the usual case), the supporting forces are also vertical and 
the suTTh of the reactions equals the sinn of the loads. This prin¬ 
ciple is sometimes useful in determining reactions, but in the case 
of simple beams the principle of moments is sufficient. The gen¬ 
eral method "of determining reactions is as follows: 

1. Write out two equations of moments for all the forces 
(loads and reactions) acting on the beam with origins of moments 
at the supports. 

2. Solve the equations for the reactions. 

3. As a cheek, try if the sum of the reactions equals the 
sum of the loads. 

Examples. 1. Fig. 9 represents a beam supported at its 
ends and sustaining three loads. We wish to find the reactions 
duo to these loads. 
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Let the reactions be deiioteil by Ri and Rg shown; then 
the moment equations are: 

For origin at A, 

1,000 X1 + 2,000 X 0 + 3,000 X 8—R, X 10 = 0. 

For origin at E, 


aioolbs. 



Pi 


3600 lbs. 

lo-- 


Fig, 10. 


leoolbft. 



X10—1,000 X 9—2,000 X 4—3,000 x 2 = 0. 

The first equation reduces to 

10 == 1,000-1-12,0004-24,000 == 37,000; or 

R^= 3,700 pounds. 

The second equation reduces to 

10 R,= 9,0004-8,0004-6,000 = 23,000; or 
Rj^= 2,300 jKJunds. 

The sum of the loads is 6,000 pounds and the sum of the reactions 
is the same; hence the computation is correct. 

2. Fig. 10 represents a beam supported at B and D (that is, 
it has overhanging ends) and sustaining three loads as shown. We 
wish to determine the reactions due to the loads. 

Let R, and R,, denote the reactions as shown; then the moment 
equations are: 

For origin at B, 

- 2,100 X 2+04-3,60pxi6—B,X^14-h 1,600X18 = 0. 

For origin at D, 

- 2,100 Xl6+RiX 14—3,600x8+0+1,600x4 = 0. 

The first equation reduces to' 

14 R,=-4,200+21,600+ 28,800 = 46,200; or 
Rj = 3,300 pounds., 

The second equation reduces to 

14 R,= 33i600+28,800-6,400 = 66,000; or 
Ri= 4,000 pounds. ■ 

The sum of the loads equals 7,800 pounds and the sum of the 
reactions is the same; hence the computation checks. 

3. What are the total reactions in example 1 if the beam 
weighs 400 pounds ? 
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(1.) Since "U'e already kno’vv the reactions due to the loads 
(2,300 and 3,700 pounds at the left and right ends respectively 
(see illustration 1 above), Ave need only to compute the reactions 
due to the weight of the heani and add. Evidently the reactions 
due to the weight equal 200 pounds each; hence the 

left reaction ^ 2,300 + 200=2,oOO pounds, and the 
right “ = 3,700 + 200=3,000 

(2.) Or, we might compute the reactions due to the loads 
and weight of the beam together and directly. In figuring the 
moment due to the weight of the beam, we imagine the weight 
as concentrated at the middle of the beam; then its moments with 
respect to the left and right supports are (400 X 5) and—(400X 3) 
respectively. The moment equations for origins at A and E are 
like those of illustration 1 except that they contain one more 
term, the moment due to the weight; thus they are respectively: 
1,000 X1 + 2,000 X 0 + 3,000 X 8—R, X10+400 X 5=0, 

Ri X 10—1,000 X 9—2,000 X 4—3,000 X 2—400 X 6=0. 

The first one reduces to 

10 R 2 = 39,000, or R» = 3,900 pounds; 
and the second to 

10 R,= 26,000, or 2,500 pounds. 

4. What are the total reactions in example 2 if the beam 
weighs 42 pounds per foot ? 

As in example 3, we might compute the reactions due to the 
weight and then add them to the cori’esponding rtjactions due to 
the loads (already found in example 2), but w© shall determine 
the total reactions due to load and weight directly. 

The beam being 20 feet long, its weight is 42X20, or 840 
pounds. Since the middle of the beam is 8 feet from the left and 
6 feet from the i*ight support, the moments of the weight with 
respect to the left and right supports are. respectively: 

840X8 = 6,720, and—840x6 = —6,040 foot-pounds. 

The moment equations for all the forces applied to the beam 
for origins at B and D are like those in example 2, with an addi¬ 
tional term, the moment of the weight; they are respectively: 

_2,100 X 2+0+3,600 X 6—R* X14+1,600 X18 +6,720 = 0, 

— 2, 100Xl6+R,XlA—3,600 x 8 +0+1,600x 4—6,040 = 0. 
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The first equation redxices to 

14 Bj= 525920, or pounds, 

and the second to 

14 61,040, or B,= 4,360 pounds. 

The sum of the loads and weight of heam is 8,140 pounds; 
and since the sum of the reactions is the same, the computation 
checks. 

EXAMPLES FOR PRACTICE. 

1. AB (Fig. 11) represents a simple beam supported at its 
ends. Compute the reactions, neglecting the weight of the beam. 

. ( Right reaction = 1,443.75 pounds. 

.a.ns. _ 1^666.26 pounds. 


600 lbs. 


k—2'—sk 


"r 


sooITm. 500lb5. 
-- 


Fig. 11. 


©’■ 


looo lbs. 



2. Solve example 1 taking into account the weight of the 
beam, which suj)pose to be 400 pounds. 

. ( Right reaction = 1,643.75 pounds. 

I Left reaction = 1,760.26 pounds. 

3. Fig. 12 represents a simple beam weighing 800 pounds 
supported at A and B, and sustaining three loads as shown. 
What are the reactions ? 

. i Right reaction == 2,014.28 pounds. 
) Left reaction = 4,785.72 pounds. 


aopo Ib9. 

ki'.*--S'- 

I J. - 


looolbs. 



Fig. 12. 


3000 lbs. 





4. Suppose that in example 3 the beam, also sustains a uni¬ 
formly distributed load (as a floor) over its entii-e length, of 600 
pounds per foot. Compute the reactions due to all the loads and 
the weight of the beam. 

A j Right reaction == 4,871.43 pounds. 

■ \ Left reaction = 11,928.67 pounds. 
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EXTERNAL SHEAR AND BENDING MOMENT. 

Oil almost every cross-section of a loaded beam there are 
three kinds of stress, namely tension, compression and shear. The 
first two are often called fibre sfrt'xarfi because they act along the 
real fi.bres of a wooden beam or the iuiaginarv ones of which we 
may suppose iron and steel beams composed. Before taking up 
the subject of these stresses in beams it is desirable to study certain 
quantities relating to the loads, and on which the stresses in a 
beam depend. These quantities are called extenial shear and 
bending motneni, and will now be discussed. 

34 . External Shear. By external shear at (or for) any sec¬ 
tion of a loaded beam is meant the algebraic sum of all the loads 
(including weight of beam) and reactions on either side of the 
section. This sum is called external shear because, as is shown 
later, it equals the shearing stress (internal) at the section. For 
brevity, we shall often say simply ‘•'shear” when external shear is 
meant. 

35 . Rule of Sijgrns. In computing external shears, it is cus¬ 
tomary to give the plus sign to the reactions and the minus sign 
to the loads. But in order to get the same sign for the external 
shear whether computed from the right or left, we change the sign 
of the sum when computed from the loads and reactions to the 
right. Thus for section a of the beam in Fig. 8 the algebi'aic sum is, 
when computed from the left, 

—1,000 + 3,000— +2,000 pounds; 
and when computed from the right, 

-1,000+3,000-2,000-2,000 = -2,000 pounds. 

The external shear at section a is + 2,000 pounds. 

Again, for section h the algebraic sum is, 
when computed from the left, 

-1,000 + 3,000-2,000-2,000+3,000 =+1,000 pounds; 
and when computed from the right, • —1,000 pounds. 

The external shear at the section is +1,000 pounds. 

It is usually convenient to eomptite the shear at a section 
from the forces to the right or left according as there are fewer 
forces (loads and reactions) on the right or left sides of the 
section. 
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36. Units for Shears. It is customary to express external 
shears in poiiiuls, hut any other xinit for expressing force and 
weight (US the tun) may he xised. 

37. Notation. AVe shall use V to stand for external shear at 
any section, and the shear at a pai-ticular section will he denoted 
hy that letter subscripted; thus A"",, etc., stand for the shears 
at sections one, two, etc., feet from the left end of a beam. 

The shear has different values ^ust to the left and right of a 
support or concentrated load. AVe shall denote such values by T' 
and A""; thus V/ and A^." denote tlie values of the shear at sec¬ 
tions a little less and a little more than 5 feet from the left end 
respectively. 

Jissn 1. Compute the shears for sections one foot 
apart in the beaixx represented in Fig. 9, neglecting the weight of 
the beam. (Tlie right and left reactions are 3,709 and 2,300 
pounds respectively; see exauiple 1, Art. 33.) 

Al l the following values of the shear are comjxuted from the 
left. The shear just to the right of the left suijport is denoted hy 
A',", and A"„" = 2,300 pounds. The shear just to tlie left of B is 
denoted hy A^,', and since the only force to the left of the section 
is the left reaction. A"/— 2,300 jiouuds. The shear just to the 
right of B is denoted by A'^,", and since the only forces to the left 
of this section are the left reaction and the l,000-j)ound load, 
yj"= 2,300-1,000 = 1,300 pounds. To the left of all sections 
between B and C, there are but two forces, the left reaction and 
the 1,000-ponud load; hence the shear at any of those sections 
equals 2,300 - 1,000 = 1,300 pounds, or 

^ V, = A^,= Y, = A";= 1,300 pounds. 

The shear just to the right of C is denoted by A^’^"; and since the 
forces to the left of that section are the left I’eaction and the 
1,000- and 2,000-pound loads, 

Y," = 2,300-1,000- 2,000 -=- 700 pounds. 

AVithout fui’ther explanation, the student should understand 

that 

A’’- =-= -f 2,800 - 1,000 - 2,000 = - 700 pounds, 

AV =-700, 

Y/' = -h 2,300 - 1,000- 2,000 - 3,000 - 3,700, 

V„ =Y,;=-3,700, 

Y„" == 4- 2.300 -1,000 - 2,000 - 3,000 -J- 3,700 == 0 
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2. A simple beam 10 feet long, and sup]»orted at each end, 
weighs 400 pounds, and bears a uniforinly distributed load of 
1,600 pounds. Compute the shears for sections two feet apart. 

Evidently each reaction equals one-lialf the sum of the load 
and weight of the beam, that is, -Ij (l,GOn-j-400) —1.000 ])ouiids. 
To the left of a section 2 feet from the left end, the forces acting 
on the beam consist of the left reaction, the load on that part of 
the beam, and the weight of that part ; then since the load and 
weight of the \iea.xo. e(pial 200 pounds, 

1,000—200 X 2 =: 000 pounds. 

To the left of a section four feet from the left end, the forces 
are the left reaction, the load on that part of the beam, and the 
weight; hence 

Vj= 1,000-200 X d = 200 pounds. 

Without further explanation, the student should see that 
Vj == 1 , 000—200 X 0 = —200 pounds, 

Vj = 1,000-200 X 8 —COO pounds, 

V,/ — 1 , 000—200 X 10 — — 1,000 pounds, 

V,;'---1,000-200 X10 -f-1,000=o. 

3. Compute the values of the shear in example 1 , taking 
into account the weight of the beam (400 pounds). (The right 
and left reactions are then 3,000 and 2,500 pounds respectively; 
see example 3, Art. 33.) 

We proceed "just as in e-xample 1, except that in each compu¬ 
tation we include the weight of the beam to the left of the section 
(or to the right when computing from forces to the right). The 
weight of the beam being 40 j)ounds per foot, then (computing 
from the left) 

V„" =-1-2,500 pounds, 

V/ =-f2,600-40 =-1-2,460, 

V," =-1-2,500-40-1,000=-1-1,460, 

V„ = -1-2,600-1,000-40 X 2 = -f 1,420, 

V 3 = -I- 2,500-1,000-40 X 3 == -f-1,380, 

V* =-+- 2,600-1,000-40 X 4 = -h 1,340, 

=-|- 2,600-1,000-40 X 5 = -f 1,300, 

V/ =+ 2,600-1,000-40 X 6 = -1-1,260, 

V 3 " =-f 2,600-1,000-40 X 6-2,000 = -740, 

V, ==-1-2,600-1,000-2,000-40x7 = -780, 
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V/ = -h 2,500-1,000-2,000-40 X 8 = -8 20, . 

V;' = + 2,500-1,000-2,000-40x8-3,000 =-3,820, 

T„ = H- 2,500-1,000-2,000-3,000-40 X 9 = -3,800, 

Y'jo =+2,500-1,000-2,000-3,000-40x10 =-3,900, 

Y"io=+2,500-1,000-2,000-3,000-40x10 + 3,900=0. 

Computing from tlie riglit, wo find, as befoi’o, that 

V, =—('8,900-3,000-40x3)=—780 pounds, 

V; =-(3,900-3,000-40 X 2)=-820, 

Vg" =-(3,900-40 X 2)=-3,S20, 

etc., etc. 

EXAMPLES FOR PRACTICE. 

1 . Compute the values of the shear for sections of the beam 
represented in I'ig- 10, neglecting the weight of the beam. (The 
right and left reactions are 3,300 and 4,000 pounds I'espectively; 
see example 2, Art. 33.) 

r Y, = Y,'=-2,100 2 iounds, 

Ans J =Tg=Y,=T,=Y„=r,=l-= + 1,000, 

*1 Vg"=Y.,=V,.,=V„=Y,,=Y,3=Y,,=Y,,=Y',=-l,700; 
V" „ =Y„=Y.g=Y,g=Y',„=+l,000. 

3. Solve the preceding exarajjle, taking into aceoxxnt the 
weight of the beam, 42 potinds per foot. (The right and, left 
reactions are 3,780 and 4,3G0 pounds I’espectively; see example 4, 
Art. 33.) 

' Y;' = - 2,100 lbs. Y, =+1,906 lbs. Y,, = -1,928 lbs. 
Y, =-2,143 Y; =+1,924 Y„ =-1,970 

Y; = - 2,184 Yg" = -1,070 Y,g' = - 2,012 

Ans J =+2,176 Yg =-1,718 Y,g"=+1,708 

1 V, =+2,134 Y,g =-1,760 Y„ =+1,726 ’ 

Y* =+2,092 Y„ =-1,802 Y,g =+1,684 

Yg = + 2,060 Y,g=-1,844 Y,g =+1,642 

L Yg =+2,008 Y„ = - 1,880 =+1,600 

3. Compute the values of the shear at sections one foot apart 
in the beam of Fig. 11, neglecting the weight. (The right and 
left reactions are 1,444 and 1,560 pounds respectively; see example 
1, Art. 33.) 
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=^i=^„'=-r 1,550 pounds, 
=T,=T,=v,=v;=+y5G, 

Anb.4 YJ' =Y/= + 56, 

V«=V,„=Y„=Y„= Y,;=-444, 

L V,3"=Yi,=Y,3=Y,6'=-1,444. 

4. Compute the vertical shear at sections one foot apart in 
the heam of Fig. 12, taking into account the weight of the beam, 
800 pounds, and a distributed load of 600 pounds per foot. (The 
right and left resictions are 4,870 and 11,930 pounds respectively; 
see examples 3 and 4, Art. 33.) 

' Y„ = 0 Y, = + 6,160 lbs. Y,, =+ 830 lbs. 

Yi' = - 540 lbs. Y/ = +6,010 =+ 290 

Yi"=-2,540 Y/':^+4,610 T+= - 250 

Y, =-3,080 Y, =+4,070 Y„"=-8,260 

Ans. -j Yg = - 8,620 Y,o = + 3,630 Y„ = - 3,790 

Y* = - 4,160 Y„ = + 2,990 Y„ = - 4,330 

Y, = - 4,700 Y„ = + 2,450 Y,; = - 4,870 

Y,' = -5,240 Y„= +1,910 Y.^"= 0 

^ Y;'= +6,690 Y„ =+1,370 

38 . Shear Diagrams. The way in which the external shear 
varies from section to section in a beam can be well represented 
by means of a diagiam called a s7tear d lag mm. To construct 
such a diagram for any loaded beam, 

1. Lay off a line equal (by some scale) to the length of 
the beam, and mark the positions of the supports and the loads. 
(This is called a “base-line.”) 

2 . Draw a line such that the distance of any point of it 
from the base equals (by some scale) the shear at the correspond¬ 
ing section of the beam, and so that the line is above the base 
where the shear is positive, and below it where negative. (This is 
called a shear line, and the distance from a point of it to the 
base is called the “ordinate” from the base to the shear line at 
that point.) 

We pbfl.n explain these diagrams further by means of illus¬ 
trative examples. 

JS&xm^les. 1. It is required to construct the shear diagram 
for the beam represented in Fig. 13, a (a copy of Fig. 9). 
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Lay off A'E' (Fiji:. I-?. ) to represent the beam, and mark the 

positions of the loads B\ V/ and D'. In example 1, Art. 37, we 
computed the values of the shear at sections one foot-apart; hence 
we lay off tmlinatea at j)oints on A'E' one foot aj)art, to represent 
those shears. 

Use a scale of 4,000 j)Otinds to one inch. Since the shear for 
any section in AB is '2,300 pounds, we draw a line parallel 
to the base 0.675 inch (*.2,300-^-4,000) therefrom; this is the shear 
line for the portion AJS. Since the shear for any section in BO 
equals 1,300 pounds, we draw a line 7/a parallel to the base and 



Fjjf. 13. 

0.325 inch (l,.S00-J-4,0O0) therefrom; this is the shear lino for the 
portion BO. Since the shear for any section in CD is —700 
pounds, we draw a line helow the base and 0.1/5 inch 
( 700 - 5 - 4 , 000 ) therefrom; this is the shear line for the portion 
CD. Since the shear for any section in DE equiils —.3,700 lbs., we 
draw a line d'e below tho base and 0.U25 inch (.3,700-5-4,000) there¬ 
from; this is the shear line for the portion DE. Fig. 13, 7i, is the 
required shear diagi*am. 

2 . It is required to construct the shear diagram for the 
beam of Fig. 14, « (a copy of Fig. 9), taking into account the 
weight of the beam, 400 pounds. 

The values of the shear for sections one foot apart were com¬ 
puted in example 3, Art. 87, so we have only to erect ordinates at 
the various points on a base line A'E' (Fig. 14, J), equal to those 
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values. TVe sliall use the ssimo scale as in the pivcefliiig illustra¬ 
tion, 4,000 pounds to an iuch. Then the lengths of the ordinates 
corresponding to the values of the shear (see exuuiple 3, Art. 37) 
are respectively: 

2,C00-f-4,O00=( ).025 iuch 

l,40O-4-4.O()O=().:-h5.j “ 

etc. etc. 

Laying these ordinates off from the base (upwards or downwards 
according as they correspond to positive or negative shears), we 
get ah, h'e, c'd, and d'e as the shear lines. 


looolbs. aooollos. 3000 Has. 



3 . It is required to consti-uct the shear diagram for the 
cantilever beam represented in Fig. 15, a, neglecting the weight 
of the beam. 

The value of the shear for any section in AB is —600 pounds; 
for any section in BC, —1,500 pounds; and for any section in 
CD, — 3,600 pounds. Hence the shear lines are ah, h'e, o’d. The 
scale being 5,000 pounds to an inch, 

A! a == 600-4-5,000 == 0.1 inch, 

B'b' = 1,600^6,000 = 0.3 « 

C/o' == 3,500-5-6,000 = 0.7 » 

The shear lines are all below the base because all the values of the 
shear are negative. 
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A. Suppose that the eautilever of the pi'ecedhig illustration 
sustains also a nniforna load of 200 pounds per foot (see Fig. 16, a). 
Construct a shear diagram. 



C’ <3 

6c&.le i"=S 5 ooolbs. 

Fig. 15. 


First, we coruptite the values of the shear at several sections. 
Thus Y" =- 500 pounds, 

V, =-500 - 200= - 700, 

Vj' =-500 - 200x2=-900, 

V," =- 500 - 200X2 - 1,000=-1,900, 

Vj =- 500 - 1,000 - 200 X 3=-2,100, 

=- 500 - 1,000 - 200 X 4=-2,300, 

V.' =-600 - 1,000 - 200x5=-2,500, 

V”" =- 500 - 1,000 - 200 X 5 - 2,000=-4,500, 

y[ =- 600 - 1,000 - 2,000 - 200x6=-4,700, 

V, =- 500 - 1,000 - 2,000 - 200 X 7=-4,900, 

V 3 =- 500 - 1,000 - 2,000 - 200 x8=-5,100, 

=- 500 - 1,000 - 2,000 - 200 X 9=-5,.300. 

The values, being negative, should be plotted downward. To a 
scale of 6,000 pounds to the inch they give the shear lines aJ, S'c, 
c'd (Fig. 16, J). 

EXAMPLES FOR PRACTICE. 

1. Construct a shear diagram for the beam represented in 
Fig. 10, neglecting the weight of the beam (see example 1, Art. S7). 

2. Construct the shear diagram for the beam represented in 
Fig. 11, neglecting the weight of the beam (see example 3, 
Art. 37). 
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3. Construct tlie shear diat^raitL for tlie heuiu of Fijf. liJ 
when it sustains, iu addition to tlie loads representod, its own 
weight, 800 pounds, and a uniform loud of oOO pounds per foot 
(see example 4, Art. 37), 

4. Figs. a, cases 1 and 2, Table B (page D5\ represent two 
cantilever beams, the first bearing a concentrated load P at tbe free 
end, and the second a uniform load W. Figs. !> are the coiTe- 
sponding shear diagrams. Take P and "NV ecpial to 1,000 pounds, 
and satisfy yourself that the diagrams ai'e correct. 

5. Figs- cases 3 and 4, same table, I'epresent simple 
beams supported at their ends, the first bearing a concentrated 



load P at the middle, and the second a uniform load W. Figs. 
h are the corresponding shear diagrams. Take P and W equal 
to 1,000 pounds, and satisfy yourself that they are correct. 

39. Maximum Shear. It is sometimes desirable to know 
the greatest or maximum value of the shear iu a given ease. This 
value can always be found with certainty by constructing tbe shear 
diagram, from which the maximum value of the shear is evident at 
a glance. In any case it can most readily be computed if one 
knows the section for which the shear is a maximum. The stu¬ 
dent should examine all the shear diagrams iu the preceding 
articles and those that he has drawn, and see that 

1. In, Garhtilevevs fixed, vn, (x, uoaZl^ tlie moKenannian ahecM/' 
ooGura at the wall. 
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2. rn th^. jnH.r!muut- ^hent' oeciu'8 at a sec- 

tlo/i nei't to one of the jfjtortn. 

IJy tliH uae of tliese j^iropositions one can determine tlie value 
of the'nitixiiuiiin shear without constructing the whole shear 
diagnuu. llius, it is easily seen (referring to the diagrams, page 

05) that for a 

Cantilever, end load P, maximum s]iear==P 

“ , uniform load “ “ ==W 

Simple beam, middle load P, ‘‘ 

“ “ , uniform “ "W, “ “ 

40 . Bending rioment. By bending moment at (or for) a 
section of a loaded beam, is meant the algebraic sum of the mo¬ 
ments of all the loads (including weight of beam) and reactions 
to the left or right of the section with respect to any point in the 
section. 

41. Rule of Signs. We follow the rule of signs previously 
stated (Art. 20) that the moment of a force which tends to pro¬ 
duce clockwise rotation is plus, and that of a force which tends to 
produce counter-clockwise rotation is minusj but in oidei to get 
the same sign for the bending moment whether computed from 
the ricrht or left, we change the sign- of the sum of the moments 
when*computed from the loads and reactions on the right. Thus 
for section a. Fig. 8,. the algebraic sums of the moments of the 
forces are: 

when computed from tne left, 

-1,000X 54-3,000X1—-2,000 foot-pounds; 
and when computed from the right, 

1,000 X 19-3,000 X15 4-2,000 X 13+3,000 X1=+2,000 foot- 
pounds. 

Tlie bending moment at section a is —2,000 foot-pounds. 

Again, for section 5, the algebraic sums of the moments of the 
forces aro: 

when computed from the left, 

-1,000 X 22+3,000 X 18-3,000 X 10-2,000 X 4+3,000 X 2= 
-2,000 foot-pounds; 
and when computed from the right, 

1,000 X 2= + 2,000 foot-pounds. 

The bending moment at the section is —2.000 foot-pounds. 
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It is usuiilly ouiiVL'iiiejit to coiupiili.^ llie l»H!nlini^ iuoiii‘.‘iit for 
ii section froju the forces to the right or left acecjrtling jia there 
are fewer forces loads and reactions) on the right or left side 
of the section. 

42 . Units. It is custoinaiy to express bending moments in 

inch-pounds, but often the foot-pound unit is more convenient. 
To j‘et7ticeJ-'oot-j>oun(2>i to hicJi-jioiitidN, luj 

43 . Notation. We shall use IVE to denote bending moment at 
any section, and the bending moment at a ])articiilar section will 
be denoted by that letter subscripted; thus Mj. M^, etc., denote 
values of the bending moment for sections one, two, etc., feet 
from the left end of the heum. 

E^<nn2>7rn. 1. Compute the bending moments for sections 
one foot apart in the heum re]n*esented in Fig. i), neglecting the 
weight of the beam. (The right and left reactions ai'e 8 ,TO 0 and 
2,800 pounds respectively. See examjde 1, Art. 88 ,) 

Since there are no forces acting on the heum to the left of the 
right support, M|,= 0 - To the left of the section one foot from the 
left end there is but one force, the left reaction, and its arm is one 
foot; hence M, —-1-2,300x1=2,300 foot-pounds. To the left of 
a section two feet from the left end thei’e are two forces, 2,300 and 
1,000 pounds, and their arms are 2 feet and 1 foot respectively; 
hence M^=-|-2,300x2-1,000x1=3,GOO foot-]>onud.s. At the 
left of all sections between B and C there are only two forces, 
2,800 and 1,000 pounds; hence 

M_,— -r 2,800 X 3-1,000 x 2= -f- i,l.M )0 foot-])ounds, 
m’= H- 2,800 X 4-1,000 X 8 = -j- (5,200 
M,= + 2,300 X 5-1,000 X 4= -1- 7,5( K) 

M,= -b 2,300 X 0-l,000x 5= -1- fi,S00 

To the right of a section soven feet from the left end there 
are two forces, the 3 , 000 -pound load and the right reaction 
(8,700 pounds), and their anus with respect to an origin in that 
section are respectively one foot and three feet; hence 

Mj—-(-3,700x3-1-3,OOOx l)=-i-8,100 foot-pounds. 

To the right of any section .between E and I) there is only one 
force, the right reaction; hence 
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]\[^=-(-3,700 X 2 )=7,400 foot-pounds, 

M,=:-(-3,700 X 1)=3,700 

Clearly 31,(,=0. 

2. A simple beam 10 feet long and supported at its ends 
weighs 400 pounds, and bears a uniformly distribirted load of 1,600 
pounds. Compute the bending moments for sections two feet 
apart. 

Each reaction equals one-half the whole load, that is, of 
(1,600+400) =1,000 pounds, and the load per foot including 
weight of the beam is 200 pounds. The forces acting on the 
beam to the left of the first section, two feet from the left end, are 
the left reaction (1,000 pounds) and the load (including weight) 
on the part of the beam to the left of the section (400 pounds). 
The arm of the reaction is 2 feet and that of the 400-pound force 
is 1 foot (the distance from the middle of the 400-pound load to 
the section). lienee 

31.^= +1,000 X 2-400 X1= +1,600 foot-pounds. 

The forces to the left of the next section, 4 feet from the left 
end, are the left reaction and all the load (including weight of 
beam) to the left (SOO pounds). The arm of the reaction is 4 feet, 
and that of the SOO-pound force is 2 feet; hence 

11^= +1,000 X 4-800 X 2= + 2,400 foot-pounds. 

Without further explanation the student should see that 

31,,= +1,000 X 6-1,200 X 3= + 2,400 foot-pounds, 

M^= +1,000 ><8-1,000x4=+ 1,600 “ 

Evidently 3I„=lI,o=0. 

3. Compute the values of the bending moment in example 
1, taking into account the weight of the beam, 400 pounds. (The 
right and left reactions are respectively 3,000 and 2,500 pounds; 
see example 3, Art. 33.) 

We proceed as in example 1, except that the moment 
of the weight of the beam to the left of each section (or to 
the i*ight when computing from forces to the right) must he 
included iu the respective moment equations. Thus, computing 
from the left, 
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M, =0 

== + 2,500x1—40X4-=+ 2,480 foot-pounds, 

^3 = +2,500x2-1,000x1-80x1=+ 3,020, 

M 3 = + 2,600 X 3-1,000 X 2-120 XI 4 = + 5,320, 

M, = 2,500 X d^l,000 X 8-100 X 2=+ 0,080, 

M 3 = + 2,600 X 6-1,000 X 4-200 X 2-^=+8,000, 

M 3 = + 2,500 X 0-1,000 X 5-240 X 3= + 0,280. 

Computing from the right, 

M, =-(-3,900 X 3 + 3,000 X1 +120 XI 4 ') = + 8,520, 

M 3 =-(-3,900x2 + 80xl) =+7,720, 

M 9 =-(-3,900X1+40 x-|)=H- 3,880, 

M„. = 0. 

EXAMPLES FOR PRACTICE. 

1. Compute the -values of the bending moment for sections 
one foot apart, beginning one foot from the left end of the 
beam represented in Fig. 10, neglecting the -weight of the beam. 
(The right and left reactions are 8,300 and 4,000 pounds respec- 
tively; see example 2, Art. 33.) 

"Mi= - 2,100 M 3 . = + 3,400 M„=+2,100 M,3=-6,400 
Ans. M 3 = -4,200 M, = + 5,300 M, 2 =+ 400 M„=-4,800 
(in foot- 4 M 3 = - 2,300 M, = + 7,200 - 1,300 M,8=-3,200 

pounds) M^= - 400 M, = + 5,600 -. 3,000 M„=-l,600 

[^M9=+1,500 M, 9 = +3,800 M„= - 4,700 M 3 o= 0 

2- Solve the preceding example, taking into account the 
weight of the beam, 42 pounds per foot. (The right and left 
reactions are 3,780 and 4,3(30 pounds respectively; see example 4, 
Art. 33.) 

''M,= - 2,121 M, =+4,084 M„=+2,799 - 0,736 

Ans. - 4,284 M, =+6,071 M,s= + 976 M„= - 4,989 

(in foot- 4 M,= - 2,129 M, =+8,016 M„= - 889 M„= - 3,284 
pounds) 16 M, =+6,319 M,*= - 2,796 M„= - 1,621 

^ M,=+2,055 M,o=+4,580 M«= - 4,745 M«,= 0 

3. Compute the bending moments for sections one foot 
apart, of the beam represented in Fig. 11, neglecting the weight. 
(The right and left reactions are 1,444 and 1,556 pounds respect* 
ively; see example 1, Art. 33.) 
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M. = + l,5oC ]VI,= + o,OSO M., = + 6,104 M,3= + 4,338 
M3= + 3,113 M,=+G,036 „= + 3,660 M,*= + 2,884 

(^iritoot+ nyr ^ , j.nos M.=4-G.0y2 J\I.,= + 5,210 M.,= + l,440 


pounds) 


11,=+4,008 M,=+0,002 J\I„= +5,210 M..= +1,440 
M*= +5,024 M,=+0,548 Mj3=+4,772 1I„= 0 

4 Compute tte bending moments at sections one foot apart 
in the beam of Fig. 12, taking into account the weight of the beam, 
800 pounds, and a uniform load of 500 jjounds per foot. (The 
right and left reactions are 4,870 and 11,930 pounds respectively; 
see Exa. 3 and 4, Art. 83.) - 


Aus- 
(in foot¬ 
pounds) 


~ 270 

Ikl,= - 3,080 M, 
M'=- 0,480 M 3 
m“=-10,330 
M.=-14,750 M., 


-19,720 M„=+ 
-13,300 11,.,= + 
- 7,430 M,*= + 


3,980 M,,=13,180 
0,700 M:„=13,300 
8,88011*8= 8,680 


= - 8,080 M,*= +10,520 ir, 8 ^ 4,630 
+ 11,620 M^= 0 


720 M„-- 


44 . Moment Diagrams. The way in which the bending 
moment varies from section to section in a loaded beam can be 
well represented by means of a diagram called a (Jlttffj'fnu. 

To construct such a diagram for any loaded beam. 



Fij^. 17. 


Lay oif a base-line just as for a shear diagram (see 
Art. 38). 

2. Draw a line such that the distance from any point of it 
to the base-line equals (by some scale) the value of the bending 
moment at the corresponding section of the beauii, and so that the 
line is above the base where the bending moment is positive and 
below it where it is negative. (This line is called a ^^moinent 
line/^'J 
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Exrn,i2>T&s- 1. It is required to constrnet a juonieiit dia¬ 
gram for tlie beam of Fig. IT, a. (a cojiy of Fig. ft), loaded as 
tliere shown. 

Layoff A'E' (Fig. IT, as a base. In example 1, Art. 43, 
we computed tlie values of the bending moment for sections one 
foot apart, so we erect ordinates at points of A'E' one foot apart, 
to represent the bending moments. 

"VFe shall use a scale of 10,000 foot-pounds to the inch; then 
'he ordinates (see example 1, Art. 43, for values of JVE; will be: 
One foot from left end, 2,300 h- 10,000 = 0.2.8 inch, 

Two feet “ ‘‘ “ 3,600^10^000=0.36 “ 

Three “ « “ 4,000^10,000 = 0.40 

Pour “ “ “ - 0,200-4-10,000 = 0.62 “ 

etc., etc. 



Laying these ordinates off, and joining their ends in succession, 
we get the line A'ibcffE', which is the bending moment line. 
Fig. IT, 6, is the moment diagram. 

2. It is required to construct the moment diagram for the 
beam, Fig. 18, a (a copy of Fig. 9), taking into account the weight 
of the beam, 400 pounds. 

The values of the bending moment for sections one foot apart 
were computed in example 3, Art. 43. So we have only to lay off 
ordinates equal to those values, one foot apart, on the base A'E' 
(Fig. 18, 5). 

To a scale of 10,000 foot-pounds to the inch the ordinates 
(see example 8, Art. 48, for values of M) are: 
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At left end, 0 

One foot from left end, 2,480^10,000=0.248 inch 
Two feet “ “ « 3,920^10,000=0.392 « 

Three “ “ ‘‘ “ 6,320-^10,000=0.632 “ 

Four “ “ “ 0,080^10,000=0.668 “ 

Laying these ordinates off at the proper points, we get A'hcd'E. 
as the moment line. 

3. It is re(]^uired to construct the moment diagram for the 
cantilever beam represented in Fig. 19, a, neglecting the weight 
of the beam. The bending moment at B ecjuals 
-500x2=-l,000 foot-pounds; 

at C, 

-500 X 5-1,000 X 3=-5,o00; 

and at D, 

-600 X 0-l,000X 7-2,000 X 4=-19,600. 


BOO lloa. looolbs. 2060 Xb^ 



Using a scale of 20,000 foot-pounds to one inch, the ordinates 
in the bending moment diagram are: 

At B, 1,000-H-20,000=0.05 inch, 

« C, 6,500^20,000=0.276 “ 

« B, 19,600-5-20,000=0.976 « 

Hence we lay these ordinates off, and downward because the bend¬ 
ing momenta are negative, thus fixing the points g and d. The 
bending moment at A is zero; hence the moment line connects A 
5, 6‘ and d. Furthei*, the portions A4, ho and cd are straight, as 
can be shown by computing values of the bending moment for 
sections in AB, BO and CD, and laying off the corresponding 
ordinates in the moment diagr 9 >m. 



STBEl^GTH OE MATERIAXS 


4-1 


4. Suppose that the cantilever of the ])recedmg illustration 
sustains also a uniform load of 100 j)Ounds per foot (see Eig. 20, ft). 
Construct a moment diagram. 

Eirst, "we compute the values of the bending moment at sev¬ 
eral sections; thus, 

Mj=-500 X1-100 X ^=-560 foot-pounds, 

M,=-500 X 2-200 X 1=-1,200, 

M3=-600 X 3-1,000 X1-300 X l^=-2,950, 

M,=-500 X 4-1,000 X 2-400 X 2=-4,800, 

M3=-600 X 5-1,000 X 3-500 X 2-^=-6,'7'50, 

M3=-500 X 6-1,000 X 4-2,000 X1-600 X 3=-10,S00, 

]Sd,=-500 X 7-1,000 X 6-2,000 X 2-700 X 3i=-14,y50, 
M3=-500 X 8-1,000 X 6-2,000 X 3-800 X 4=-19,200, 

M3=-500 X 9-1,000 X 7-2,000 X 4-900 X 4^=-23,5o0, 



dw 


TO 


’ Fig. 20. 

These values all being negative, the ordinates are all laid off 
downwards. To a scale of 20,000 foot-pounds to one inch, they 
fix the moment line A!l>cd. 


EXAITFLES FOR PRACTICE. 

1. Construct a moment diagram for the heam represented in 
Eig. 10, neglecting the weight of the beam. (See example 1, 
4.rt. 43). 

2. Construct a moment diagram for the beam represented 
in Eig. 11, neglecting the weight of the beam. (See example 8, 
A-xt, 43). 

3. Construct the moment diagram for the beam of Eig. 12 
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wlien it sustains, in acWitioii to the loads represented and its own 
weight (800 pounds), a uniform load of 600 pounds per foot. 
(See example 4, jX.rt. 43.) 

4. Eigs. ft, cases 1 and 2, page rS, represent two cantilever 
beams, the first hearing a load P at the free end, and the second 
a uniform load "W. Figs. J are the corresponding moment 
diagrams. Take P and W equal to 1,000 pounds, and I equal to 
10 feet, and satisfy yourself that the diagraxns are correct. 

6. Figs, tt, cases 3 and 4, page 60, represent simjde beams 
on end su])j)orts, the first hearing a middle loatl P, and the other a 
uiiLform load IV. Eigs. h are the corresponding moment dia¬ 
grams. Take P and 'W' equal to 1,000 pounds, and I equal to 
Kt feet, and satisfy yourself that the diagrams are correct. 

45. Maximum Bending Moment. It is sometimes desirable 
to know the gi-eatest or jnaximum value of the bending moment 
in a given case. This value can always he found with certainty 
by constructing the moment diagram, from which the maximum 
value of the bending moment is evident at a glance. But in any 
case, it can be most readily computed if one knows the section for 
which the bending moment is greatest. If the student will com- 
pare the ooi“res])onding shear and moment diagi'ams which have 
been constructed in foregoing ai*ticles (Eigs. 13 and 17, 14 and 
18, 15 and 15(, 10 and 20), and those wliich he has drawn, he will 
see that —The iituyiin ttuh Ix utltntj vtftiHfttt 'hb a hctnii occurs 
where the shear chatajes s!tjn. 

By the help of the foregoing principle we can readily com¬ 
pute the maximum moment in a given case. lEe have only to 
oonstiTiet the shear line, and observe from it where the shear 
changes sign; then compute the bending jiioment for that section. 
If a simple beam has one or more overhanging ends, then the shear 
changes sign more than once—twice if there is one overhanging 
end, and three times if two. In such cases wo compute the 
bending moment for each section where the shear changes sign; 
tlie larijest of the values of these bending moments is the maxi- 
mum for the beam. 

The section of maximum bending moment in a cantilever 
fixed at one end (as when built into a wall) is always at the wall. 
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Thus, 'Vv'ithou.t reference to the m<jiaent«.liMgrauiSj it is readily seen 
that, 

for a cantilever -whose length is Z, 

with an. end load P, the maximum moment is PZ, 

“ a uniform “ "W, “ “ “ “ "WI. 

Also by the principle, it Is seen that, 

for a beam whose length is 7, on end supports, 

with a middle load P, the maximum moment is ^ P7, 

“ uniform “ TT, “ “ « « "^7. 

46 . Table of Maximum Shears, Moments, etc. Table B 
on ]juge Co shows the shear and moment diagrams for eight 
simple cases of beanos. The first two cases are built-in cantilevers; 
the next four, simple beams on end supports; and the last two, 
restrained beams built in walls at each end. In each case I 
denotes the length. 

CENTER OF GRAVITY AND HOMENT OF INERTIA. 

It will be shown later that the strength of a beam depends 
partly on the form of its cross-section. The following discussion 
relates pidncipally to cross-sections of beams, and the results 
reached (like shear and bending moment) will be made xise of 
later in the subject of strength of beams. 

47 . Center of Gravity of an Area. The student probably 
knows what is meant by, and how to find, the center of gravity of 
any flat disk, as a piece of tin. Probably his way is to balance 
the piece of tin on a pencil point, the point of the tin at which it so 
balances being the center of gra-vity. (Really it is midway between 
the sui-faees of the tin and over the balancing point.) The center 
of gravity of the piece of tin, is also that point of it through which 
the resultant force of gravity on the tin (that is, the weight of the 
piece) acts. 

By “center of gravity’* of a plane area of any shape, we mean 
that point of it which corresponds to the center of gravity of a 
piece of tin when the latter is cut out in the shape of the area. 
The center of gravity of a quite irregular area can be found moat 
readily by balancing a piece of tin or stijEE paper cut in the shape 
of the area. But when an area is simple in shape, or consists of 
parts which are simple, the center of gravity of the whole can be 
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found readily by computation, and sucIl a method will now be 
described. 


48 . Principle of floments Applied to Areas. let Fig. 21 


r^resent a piece of tin which has been divided off into any num¬ 
ber of parts in any way, the weight of the whole being TV, and 
that of the parts TVj, W 3 , TVj, etc. Let 0,, C,, O 3 , etc., be the 
cental’s of gravity of the parts, O that of the whole, and <?,, o^, c,, 
etc., and a the distances from those centers of gravity respectively 


to some line (L L) in the plane 
of the sheet of tin. vVhen the 
tin is lying in a horizontal posi¬ 
tion, the moment of the weight 
of the entire piece ahont L L is 
■Wtf, and the moments of the 
parts are TViC„ TVgCajete. Since 
the weight of the whole is the 
resultant of the weights of the 
parts, the moment of the weight 
of the whole eqnals the sum of t 
parts; that is, 



TVc=TViCi+TV2<",-i-etc.. .. 


Now let Aj, A 2 , etc. denote the areas of the parts of the pieces 
of tin, and A the area of the whole; then since the weights are 
proportional to the areas, we can replace the TV’s in the preceding 
equation by corresponding A’s, thus: 

Ac=AjCj-|-AjjCj+etc.. .. ( 4 ) 

If we call the product of an area and the distance of its 
center of gravity from some line in its plane, the “moment” of the 
area with respect to that line, then the preceding equation may be 
stated in words thus: 

27ie moment of an area with resjpeot to any line equals the 
aZgelraio sum of the momervts of the ^arts of the area. 

If all the centers of gravity are on one side of the line with 
respect to which moments are taken, then all the moments should be 
given the plus sign; but if some centers of gravity are on one side 
and some on the other side of the line, then the moments of the 
areas whose centers of gravity are on one side should be given the 
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same sign, and the moments of the others the opposite sign- The 
foregoing is the principle of moments for areas, and it is the basis 
of all rules for finding the center of gi’avity of an ai'ea. 

To find the center of gravity of an area which can be divided 
tip into simple parts, we write the princijjle in foi-ius of e<piations 
for two different lines as “axes of moments,” and then solve the 
equations for the unknown distances of the center of gravity of the 
whole from the two lines. We explain further by means of specific 
examples. 

Examjplcif. 1. It is required to find the center of gravity 
of Fig. 22 , », the width being uniformly one inch. 

The area can be divided into two rectangles. Let C’, and 



Fig. 22. 

O 2 be the centers of gi'avity of two such parts, and O the center of 
gravity of the whole. Also let a and I denote the distances of C 
from the two lines OL' and OL" respectively. 

The areas of the parts are 6 and S square inches, and their 
arms with respect to OL^ are 4 inches and inch respectively, and 
with respect to OL" ^ inch and 1-J inches. Hence the equations of 
moments with respect to OL' and OL" (the whole area heing 9 
square inches) are; 

9X« = 6X44-3X4 = 25.5, 

9x^ = 6 x4“f~3X 14 7.5. 

Hence, a — 25.5-f-9 = 2.83 inches, 

5 = 7.5-*-9 = 0.83 “ . 

2. It is required to locate the center of gravity of Fig. 22, 6 , 
the width being uniformly one inch. 
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Tlie limn-e mn l*i' diride*.! ti[) into three rectangles. Let Oi, 
atid O, be%he centers of grarity of such parts, O the center of 
<rravity of the M'l.ole; and let denote the (unknown) distance of 
O from the base. The areas of tlie pa’'ts are 4, 3^ and 4 square 
inches, and tlieir arms ” with resjieet to 
the base are 2,1 and 2 inches resp^hively; 
hence the e(jimtif)n of inonunits ^>ith re¬ 
spect to the hase (the entire area being 18 
S(piare inches') is: 

18X^^ =4X2-[-10X-:«H-4X2 = 21. 

Hence, </ = 21-:-18 — 1.17 inches. 

From the syinnietry of the area it is plain 
that tho center of gravity is inUlwa r be¬ 
tween the si*les. 

EXAMPLE FOR PRACTICE. 

1. Locate the center of gravity of 
Fig. 2‘S. 

Ans. 2.0 inches above the base. 

49- Center of Gravity of Sections. In lig- 24 

there ai'© represented ei'oss-sections v j various kinds of rolled steel, 
called ‘-shape steel,"’ which is used extensively in steel construction, 
hlanufactnrers of this material publish “handbooks” giving full 
information in regard thereto, among other things, the position of 
the center of gravity of each cross section. "VFith such a handbook 



Pig. 2i. 

available, it is therefoi-e not necessary actually to compute the posi¬ 
tion of the center of gravity of any section, as we did in the pre¬ 
ceding article; but sometimes several shapes are riveted together to 
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make a “built-up” sectiou ( see Fig. 25 ), and tbeii it uuiy be neces¬ 
sary to compute tlie position of the center of gravity of the sectiou. 

Escutj'ijjlti, It is desired to locate tiie center of gravity of the 
section of a built-up beam rej)reseiited in Fig. 25. The besim con- 



Pig. 25. 


sists of two channels and a plate, the area of the cross-section of a 
channel being C.03 square inches. 

Evidently the center of gravity of each channel section is G 
inches, and that of the plate section is 12^- inches, from the bottom. 



Hence, 


c= 138-11-^19.06= 


Let c denote the dis¬ 
tance of the center of 
gravity of the whole 
section from the bot¬ 
tom ; then since the 
area of the plate section 
is 7 sijuare inches, and 
that of the whole sec¬ 
tion is 10.00, 

19.00 X<? = 6.03 X64- 
0.03 xC-f7xl2i== 
158,11. 

8.30 inches. 


EXAMPLES FOR PRACTICE. 

1. Locate the center of gravity of the built-up section of 
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Fig. 2G, the area of each “angle” being 5.00 square inches, and 
the center of gravity of each being as shown in Fig. 20, h. 

Ans. Distance from top, 3.08 inches. 

2. Omit the left-hand angle in Fig. 20, and locate the 
center of gravity of the remainder. 

. ( Distance from top, 3.05 inches, 

“ left side, 1.19 inches. 

50. rioment of Inertia. If a plane area be divided into an 
infinite niunber of infinitesimal parts, then the snm of the prod¬ 
ucts obtained by mtiltiplying the area of each part by the square 
of its distance from some line is sailed the moment of inertia of the 
area with respect to the line. The line to which the distances are 
lueasured is called the inertia-adeis: it may be taken anywhere in 
the plane of the area. In the subject of beams (where we have 
sometinxes to compute the moment of inertia of the cross-section 
of a beam), the inertia-axis is taken thi'ough the center of gravity 
of the section and horizontal. 

An appi'oximate value of the moment of inertia of an area 
can be obtained by dividing the area into small parts (not infini¬ 
tesimal), and adding the products obtained by multiplying the 
area of each part by the squai'e of the distance from its center to 
the inertia-axis. 

Example. If the rectangle of Fig. 27, is divided into 8 
parts as shown, the area of each is one squai’e inch, and the dis¬ 
tances from the axis to the centers of gravity of the parts are ^ 
and inches. For the four parts lying nearest the axis the 
product (area times distance’squared) is: 

lX( 4)®=^; and for the other parts it is 

Hence the approximate value of the moment of inertia of the area 
with respect to the axis, is 

_ 4(i)+4(-|)==10. 

If the area is divided into 32 parts, as shown in Fig. 27, J, 
the area of each part is ^ square inch. For the eight of the little 
squares farthest away from the axis, the distance from their centers 
of gravity to the axis is IJ inches; for the next eight it is 1;^; 
for the next eight and for the remainder ^ inch. Hence an 
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appi-oximate value of the luonient oE inertia of the rwtan:;lt' with 
respect to the axis is: 

sxixCiD^+sxixCii^^+Sxixdj^-hftr'ixfiV-ioi. 

If we divide the rectangle into still smaller j)arts and form 
the products 

(small area) X (distance)®, 

and add the products just as we have done, we shall get a larger 
answer than 10^. The snaaller the parts into which the rec¬ 
tangle is divided, the lai-ger will he the answer, but it will never 
be larger than 10§. This 10§ is the sum corresjxjndiug to a 

division of the rectangle into an 
infinitely large number of parts 
(infinitely small) and it is the 
exact value of the moment of 
inertia of the rectangle with re- 
spect to the axis selected. 

There are short methods of 
computing the exact values of the 
moments of inertia of simple fig¬ 
ures (rectangles, circles, etc.,), 
but they cannot be given here since they involve the use of difScult 
mathematics. The foregoing method to obtain approximate val¬ 
ues of moments of inertia is used especially when the area is quite 
irregular in shape, but it is given here to explain to the student 
the meanin-g of the moment of inertia-of an area. He should 
understand now that the moment of inertia of an area is sim¬ 
ply a name for such sums as we have just computed. The name 
is not a fitting one, since the sum has nothing whatever to do with 
inertia. It was first nsed in this connection because the sum is 
very similar to certain other sums which had previously been 
called moments of inertia. 

5r- Unit of Moment of Inertia- The product (areaX dis¬ 
tance*) is really the product of four lengths, two in each factor; 
and since a moment of inertia is the sum of such products, a 
moment of inertia is also the product of four lengths. INow the 
product of two lengths is an area, the product of three is a vol¬ 
ume, and the product of four is moment of inertia—^unthinkable in 



e. 

Fig. 27. 
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the Avtiy ill winch we chu think of an area or voliiiue. and there¬ 
fore the source of much dilhciilty to the student. The units of 
these cj[uantities farea, volume, and nioiuent of inei’tia) are respec¬ 
tively: 

the s<jTxare inch, square foot, etc., 

•• cxiliic •' , cuhic “ “ , 

bi«|uadratic inch, biquadratic foot, etc.; 

but the biquadratic inch is ahnost exclusively used in this connec¬ 
tion; that is, the inch is used to compute 
values of moments of inertia, as in the px’e- 
cediuo- ilhislmtion. It is often written 

O 

thus: Inches^. 

53. Moment of Inertia of a Rectangle. 

Let h deuote the base of a i*ectangle, and it. 
its altitude; then by higher mathematics it 
can be shown that the moment of inertia 
of the rectangle with respect to a line through its center of gravity 
and jjarallel to its base, is -jL 

J^xatn Comjiute the value of the moment of inertia of 
a rectangle 4x12 inches with respect to a line through its center 
of gravity and parallel to the long sside. 

Here and « = 4 inches ; hence the moiueiit of inertia 

desired e(pials 

„:^(12x4“)=64 iuchos*. 

EXAnPLE FOR PRACTICE- 




1. Compute the moment of inertia of a rectangle 4x12 
inches with respect to a line through its center of gravity and 
parallel to the short side. Ans. 57G inchesL 

S 3 . Reduction Formula. In the previously mentioned 
‘‘handbooks” there can be found tables of luomeuts of inertia of 
all the cross-sections of the kinds and sizes of rolled shapes made. 
The inertia-axes in those tables ai'e always taken through the cen¬ 
ter of gravity of the section, and usually parallel to some edge of 
the section. Sometimes it is necessary to compute the moment of 
inertia of a “rolled section” with respect to some other axis, and 
if the two axes (that is, the one given in the tables, aud the other) 
are parallel, then the desired moment of inertia eiin be easily com¬ 
puted from the one given in the tables by the following rule: 
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Th& ?no tile tit oj" 'liioi'tiii ttj^ fill m't'fc 'loif.Ji, i‘<;iij^K:i‘t to ctny <t,'cls 
equals the 'iiiovieiit of ineitla with I'esjiect to ayxipallel axis 
through i7ie center of gravity^ jtltts t7ie proilurt of the area and 
the square of the distance hetioeen the axes. 

Or, if I denotes the moment of inertia with respect to any axis; 

the moment of inertia with i-espect to a parallel axis throno-h 
the center of gravity; A the area; and d the d’stance between the 
axes^ then 

- (5) 

JExcvmj}le. It is required to compute the moment of inertia 
of a rectangle 2x8 inches with respect to a line parallel to the 
long side and 4 inches from the center of gravity. 

Let I denote the moment of inertia sought, and the moment 
of inertia of the rectangle with respect 
to a line parallel to the long side and 
through the center of gravity (see Fig. 

2S ). Then 

(see Art. 62); and, 
since i=8 inches and a—2 inches, 

Io= tV(^ X 2^)=5-^ biquadratic inches. 

The distance between the two inertia- 
axes is 4 inches, and the area of the 
rectangle is 16 square inches, hence 
equation 5 becomes 

1=6^-{-16 X 4“=2G1-^- biquadratic inches, 

EXAMPLE FOR PRACTICE- 

1. The moment of inertia of an ^^angle’’ ^^ XSX^ inches 
(lengths of sides and width respectively) with respect to a line 
through the center of gravity and parallel to the long side, is 0.G4 
inches*. The area of the section is 2 square inches, and the dis¬ 
tance from the center of gravity to the long side is 0.03 inches. 
(These values are taken from a ^diandhook”.) It is required to 
conipute the moment of inertia of the sc^ction with respect to a 
line parallel to the long side and 4 inches from the center of 
gravity. Ans. 82.04 inches^. 

54. Moment of Inertia of Built*up Sections. As before 
stated, beams are sometimes ^‘built* up” of rolled shapes (angles, 
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c'htinuek, etc.V The inoment of inertia of siieh a section with 
rerij)ect to a deliuite axis is computed by adding the iiionieiits of 
inertia of the]):irt 3 , (fll ioHlt' ffapert to that same axis. This is the 
method for computing the moment of any area which can be 
divided into simple parts. 

The moment of inertia of an area which may be regarded as 
consistincr of a larger area mirttis other areas, is computed by sub¬ 
tracting from the moment of inertia of the large area those of the 

‘•minus areas.” ' . . » i i -i 

1. C'omjmte the moment of inertia of the hnilt- 

up section represented in Fig. 30 (in part same as Fig- 25) with 
respect to a horizontal axis ^ 

passing through the center y ^___ ^_^,i 

of gravity, it being given "i 1^^ ^ 

tliat the moment of inertia 

of each channel section _ 

with respect to a horizontal 
axis through its center of 
gravity is 128.1 inches*, 
and its area G.03 square 
inches. 

The center of gravity of 
the whole section was found 

in the example of Art. 49 to he 8.30 inches from the hottom of 
the section; hence the distances from the inertia-axis to the 
centers of gravity of the channel section and the plate are 2.30 
and 3.95 inches respectively (see Fig. 30). 

The moment of inertia of one channel section u’ith respect to 

the axis AA (see equation o. Art. 53) is: 

128.1+0.03X 2.30-—160.00 inches*. 

The moment of inertia of the plate section (rectangle) witli re- 
speot to the line a'a!' (see Art. 52) is: 

and with respect to the axis A A (tne area heiug i sqiiaie inches) 

it is: _. , . 

016+ 7X3.95®=109.37 inches*. 

Therefore the moment of inertia of the whole section with re- 
spect to A A is: 

^ 2x 160.00+10957=:429,37 inches^. 


I 
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2. It is required to compute the momeut o£ inertia of the 
•‘hollow rectangle” of Fig, 29 with respect to a lino through the 
center of gTavity and parallel to the short side. 

The amount of inertia of the large rectangle with respect t<i 
the named axis (see Art. 52) is: 

tV(3X10«) = 410|; 



and the moment of inertia of the smaller one with respect to the 
same axis is: 

iV (4X8») = 170f; 

hence the moment of inertia of the hollow section with respect 
to the axis is: 

416§ - 170f = 246 inchest 

EXAMPLES FOR PRACTICE. 

1. Compute the moment of inertia of the section repre¬ 

sented in Fig. 31, a, about the axis AA, it being S.OS inches 
from the top. Given also that the area of one angle section is 
5.06 square iuohes, its center of gi*avity O (Fig. 31, V) 1.C6 inches 
from the top, and its moment of inertia with respect to the axis act 
17.08 inches*. Ans. 145-8 inches*. 

2. Compute the moment of inertia of the section of Fig- 31, 
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with respect to the axis 133. Given that distance of the center 
of gravity of one angle from one side is 1.00 inches (see Fig. 31,5), 
and its moment of inertia with I'espect to 55 17.68 inches. 

Ans. 77.5 inches*. 

55. Table of Centers of Gravity and floments of Inertia. 

Column 2 in Table A below gives the formula for moment of 
inertia with respect to the horizontal line through the center of 
gravity. The numbers in the third column are explained in Art. 
62; and those in the fourth, in Art. 80. 


TABLE A. 

Moments of Inertia, Section Moduli, and Radii of Gyration. 

In cacli case tho axis is horizontal and passes through the center of gravity. 



STRENGTH OF BEAMS. 

56. Kinds of Loads Considered. The loads that are applied 
to a horizontal beam are usually vertical, but sometimes forces are 
applied otherwise than at right angles to beams. Forces acting on 
beams at right angles are called transverse forces; those applied 
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TABLE B. 

3hear Diagrams <b) and Moment Diagrrams (c) for Ei^ht Different Cases (a). 
Also Values of Maximum Shear (V), Bending riament (M)# and Deflection fd). 
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jKirallel tt» u beam are called fongitudinal forces ; and others ai-e 
called Inclined forces. For the present we deal only with beams 
snbjecteKl to transverse forces (loads and reactions). 

57. Neutral Surface, Neutral Line, and Neutral Axis. ^Vhen 
a beam is loa<ied it may be wholly convex up (concave down), as a 
cantilever; wholly convex down (concave up), as a Biin^de beam 
on end supports; or j)artly convex up and ])arfcly convex down, as 
a simple beam with overhanging ends, a restrained beam, or a con- 




Pig. 32. 


tinuons beam. Two vertical parallel lines drawn close together on 
the side of a beam before it is loaded will not be parallel after it 
is loaded and bent. If they are on a oonvex-down portion of a 
beam, they will be closer at the top and farther apart below than 
when drawn (Fig. S2a), and if they are on a convex-up portion, 
they will be closer below and farther apart above than when drawn 
(Fig. 32J). 

The ‘‘fibres ” on the convex side of a beam are stretched and 
therefore under tension, while those on the concave side are short¬ 
ened and therefore under compression. Obviously there must be 
some intermediate fibres which are neither stretched nor shortened, 
i. under -neither tension nor compression. These make up 
a sheet of fibres and define a surface in the beam, which surface is 
called the neutral surface of the beam. The intersection of the 
neutral surface with either side of the beam is called the neutral 
line, and its intersection with any cross-section of the beam is 
called the neutral axis of that section. Thus, if rib is a fibre that 
has been neither lengthened nor shortened with the bending of the 
beam, then nn is a portion of the neutral line of the beam; and); 
if Fig. 33(j be taken to represent a cross-section of the beam, FTN" 
is the neutral axis of the section. • 

It can be proved that the nexiM'al aam of any cfOsa-seGtion of 
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a loaded beam ^passes tliroiifjh fJte center of (/rff-o'd;/ of that t^eetion, 
provided that all the forces applied to the hemn are transverse, and 
that the tensile and compressive stresses at the cross-section are 
all within the elastic limit of the material of the heam. 

58 . Kinds of Stress at a Cross-section of a Beam. It has 
already been explained in the preceding article that there are ten¬ 
sile and compressive stresses in a beam, and that the tensions are 
on the convex side of the beam and the compressions on the con¬ 
cave (see Fig. 33). The forces T and C are exerted upon the 
portion of the beam represented by the adjoining portion to the 




Fig. 33, 

right (not shown). These, the student is reminded, are often called 

fibre stresses. 

Besides the fibre stresses there is, in general, a shearing stress 
at every cross-section of a beam. This may be proved as follows: 

Fig. 84 represents a simple beam on end supports which has 
actually been cut into two parts as shown. The two parts can 
maintain loads when in a horizontal position, if forces ai-e applied 
at the cut ends equivalent to the forces that would act there if the 
beam were not ciit. Evidently in the solid beam there are at the 
section a compi-ession above and a tension below, and such foixjes 
can be applied in the cut beam by means of a short block C and. a 
chain or cord T, as shown. The block furnishes the compressive 
forces and the chain the tensile forces. At first sight it appears as 
if the beam would stand up under its load after the block and 
chain have been put into place. Except in certain cases*, how¬ 
ever, it would not remain in a horizontal position, as would the 


* When the external shear for the section is zero. 
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solid beam. This shows that the forces exerted by the block and 
chain (horizontal coiiifiression and tension) are not ecjuivalent to 
the actual stresses in the solid beam. M^hat is needed is a vertical 
force at each cut end. 

Su 2 >j)Ose that llj is less than L^ +^^4-weight of A, ■/. <?., that 
the external shear for the section is negative; then, if vertical pulls 
he ap^jlied at the cut ends, u])ward on A and downward on B, the 
beam will stand UTider its loud and in a horizontal j^ositiou, just as 
a solid beam. Tliese pulls can be su 2 )])lied 5 in the model of the 
beam, by means of a cord S tied to two brackets fastened on A and 


Fig. 34. 


Pig. 35. 

B, as shown. In the solid beam the two parts act upon each 
other directly, and the vertical forces are shearing stresses, since 
they act in the plane of the surfaces to which they are applied. 

59 * Relation Between the Stress at a Section and the Loads 
and Reactions on Either Side of It. Let Fig. 36 represent the 
portion of a beam on the left of a section; and let Rj denote the 
left reaction; Lj and L.^ the loads; W the weight of the left part; 

C, T, and S the compression, tension, and shear respectively which 
the right part exerts upon the left. 

Since the part of the beam here represented is at rest, all the 
forces exerted upon it are balanced; and when a number of hori¬ 
zontal and vertical forces are balanced, then 

1. The algebraic sum. of the horizontal forces eanals zero. 

2. ** ** vertical 

3. ** “ “ “ “ moments of all the forces with respect to 

any point equals zero. 

To satisfy condition 1, since the tension and compression are 
the only horizontal forces, the tensiotv miost equal the compression. 
To satisfy condition 2, S (the internal shear) must equal the 
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algebraic snui of all tlie otter, vertical forces on the portion, that 
is, must equal the external shear for the section; also, S must act 
up or down accoi'ding as the external shear is negative or positive. 
In other woi-ds, briefly expressed, the internal and eceternal eJteara 
at a section ave equal and o^^osite. 

To satisfy condition 3, the algebraic sum of the moments of 
the fibre stresses about the neutral axis must bo equal to the sum 
of the moments of all the other forces acting on the portion about 
the same line, and the signs of those sums must be opposite. (The 
moment of the shear about the neutral axis is zero.) Now, the 
sum of the moments of the. loads and reactions is called the bend¬ 
ing moment at the section, and if we use the term resisting^ mo“ 
ment to signify the sum of the moments of the fibre stresses (ten¬ 
sions and compressions ) about the neutral axis, then we may say 
briefly that the resisting and the henditig moments at a seotlon are 
equal, and the two moments are opposite in sign. 

6 o. The Pibre Stress. As before stated, the fibre stress is 
not a uniform one, that is, it is not uniformly distributed over the 
section on which it acts. At any section, the compression is most 
“ intense ” (or the unit-compressive stress is greatest) on the con¬ 
cave side; the tension is most intense (or the'unit-tensile stress is 
greatest) on the convex side; and the unit-compressive and unit- 
tensile stresses decrease toward the neutral axis, at which place the 
unit-fibre stress is zero. 

If the fibre stresses are within the elastic limit, then the two 
straight lines on the side of a beam referred to in Art. 67 will still 
be sti'aight after the beam is bent; hence the elongations ahd short¬ 
enings of the fibres vary directly as their distance from the neutral 
axis. Since the stresses (if within the elastic limit) and deforma¬ 
tions in a given material are proportional, the unit-fibre stress 
varies as-the distance firom the neut^'al axis. 

Let Fig. 36® represent a portion of a bent beam, 365 its cross- 
section, nn the neutral line, and NN the neutral axis. The way 
in which the unit-fibre stress on the section varies can be rep¬ 
resented graphically as follows: • Lay off ae, by some scale, to 
represent the unit-fibre stress in the top fibre, and join o and n, 
extending the line to the lower side of the beam; also mahe h<f equal 
to b<f and draw luf. Then the arrows represent the unit-fibro 
stresses,for their lengths vary as their distances from the neutral axis. 
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6i. Value of the Resisting Moment. If S denotes the unit- 
fibre stress in the fibre farthest from the neutral axis (the greatest 
unit-fibre stress on the cross-section), and e the distance from, the 
neutral axis to the remotest fibi*e, while S„ S^, S 3 , etc., denote the 
unit-fibre stresses at j^oints whose distances from the neutral axis 
are, respectively, y,, 2 / 3 , etc. (see Fig. 801), then 


: 2 /,; or 




s 


Also, 
Let <r„ 


S. 


— 2/j; S 3 ==-^ 2 / 3 . etc. 


<•/,, etc., be tlie areas of the cross-sections of the fibres 

3 * 3 


S c 



Id 


TO 

Fig. 36. 

whose distances from the neutral axis are, respectively, 
etc. Then the stresses on those fibres are, respectively, 

Si f?!, S 2 ^ 2 ? ^3 ^33 > 

s s s 

or, — 3 /,O',, ®tc. 

The arms of these forces or stresses with respect to the neutrai axis 
are, respectively, y,, y.^, y„ etc,; hence their moments are 

s s s 

9 %j C- 

and the sum of the moments (that is, the resisting moment) is 

s s s 

—<?! lA -i —yl + etc. =—(a, y? <^a yl + etc.) 

Now yf + 0^2 yi~i~ etc. is the sum of the pi-oducts obtained by 
multiplying each infinitesimal part of the area of the cross-section 
by the square of its distance from the neutral axis; hence, it is the 
moment of inertia of the cross-section with respect to the neutral 
axis. If this moment is denoted by I, then the value of the resist- 

ing moment is —, 
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STRENGTH OF BEAnS-““(CoiicIudedj* 

62 . First Bea.in Formula,. As sl\o\vn in tlie preceding 
article, the resisting aud bending moments for any section of a 
beam are equal; hence 



( 6 ) 


all the symbols referring to the same section. This is the most 
important formula relating to beams, and will be called the « first 
beam formula.” 


The ratio I -s- <3 is now quite generally called the section 
modulus. Observe that for a given beam it depends only on the 
dimensions of the cross-section, and not on the material or any¬ 
thing else. Since I is the product of four lengths (see article 61), 
I -s- o is the product of three; and hence a section modulus can be 
expressed in units of volume. The cubic inch is practically always 
used; and in this connection it is written thus, inches®. See Table 
for values of the section moduli of a few simple sections. 

63. Applications of the First Beam Formula. There are 
three principal applications of equation 6 , which will now be ex¬ 
plained and illustrated. 

64. First Ajpplioation. The dimensions of a beam and its 
manner of loading and support are given, and it is required to 
compute the greatest unit-tensile and compressive stresses in the 
beam. 


This problem can be solved by means of equation 0 , written 
in this form, 

„ Mo M 
b= -T- or f- 

Unless otherwise stated, we assume that the beams are uniform 
in cross-section, as they usually are; then the section modulus 
(I -5-0) is the same for all sections, and S (the unit-fibre stress on 
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the remotest fibre') \ aries just as M varies, and is thei*efore greatest 
whez-e !M is a znaxiiiiniit.* lienee, to compute the value of the 
givatest uuit-fibi*e stz-ess in a given case, siihstitute the values of 
the Serf ion nnehtlus <nul the 'nt<i,eiimnn hendhirf movtent in the 
IH'ecerliiiff equation^ and reduce. 

If the neuti'al axis is equally distant fi*om the highest and low¬ 
est fibres, then the greatest tensile and compi’essive unit-sti’esses 
are equal, and their value is S. If the neutral axis is unequally 
distant fi-oni the highest and lowest fibres, let <• denote its distance 
from the nearer of the two, and S' the unit-fibre stress tliere. 
Then, since the uziit-stresses in a ci'oss-section are pi’oportional to 
the distances from the neutral axis. 


S' 




If the remotest fibre is on the convex side of the beam, S is tensile 
and S' conipi'essive; if the remotest fibre is on the concave side, S 
is coinpi'essive and S' tensile. 

Jii,min 2 jlcs. 1. A beam 10 feet long is supported at its ends, 
and sustains a load of 4,000 pounds two feet fi-om the left end 
(Fig. 37, a'). If the beam is 4 X 12 inches in ci’oss-section (the 
long side vertical as usual), compute the maximum tensile and 
compressive unit-stresses. 

The section modulus of a rectangle whose base azzd altitude 
are h and a I'espeetively (see Table A, page 54), is hence, 

for the beam under eonsidei*ation, the modulus is 

- X 4 X 12® = 06 inches®. 


To compute the iziaxinniui bending moment, we have, fii*st, to find 
the dangerous section. This section is where the shear changes 
sign (see ai-ticle 45); hence, we have to construct the shear dia¬ 
gram, or as much thei'eof as is needed to find where the change of 
sign occurs. Therefore we need the values of the reaction. 
Neglecting the weight of the beam, the moment equation with 
origin at O (Fig. 37, «) is 

R, X 10 — 4,000 X 8= 0, or R, = 3,200 pounds 

* Notk. Because S is greatest in the section where M is maadmum, this 
section is usually called the “ dangerous section ” of the beam. 
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Then, constructing the shear diagram, we see (Fig. 37, Z>) tliat the 
change of sign of the shear (also the dangeroxis section) is at the 
load. The value of the bending moment there is 
3,200 X 2 = 0,400 foot-pounds, 
or 6,400 X 12 = 70,800 inch-pounds. 

Substituting in equation O', we find that 

= 800 pounds per square inch. 




96 
4000II0S. 





o-(b) 


C'* (c) 


Fig. 37. 

2a It is desired to take into account the weight of the beam 
in the preceding example, supposing the beam to be wooden. 

The volume of the beam is 
4X 12 


144 


X 10 = 3^ cubic feet; 


and supposing the timber to weigh 45 pounds per cubic foot, the 
beam weighs 160 pounds (insignificant compared to the load). 
The left reaction, therefore, is 

1 
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and tile shear diagram looks like Fig. 37, r, the shear changing 
sif^n at the load as before. The weight of the beam to the left of 
the dangerous section is 30 pounds; hence the maximum bending 
moment equals 

3,276 'X 2 - 30 X 1 = 0,520 foot-potinds, 
or 0,520 X 12 = 78,240 inch-pounds. 

Substituting in equation O', we find that 
78 240 

S = —gg— =-815 pounds per square inch. 


c 


The weight of the beam therefore increases the unit-stress pro¬ 
duced by the load at the dangerous section by 16 pounds per 
square inch. 

3. A T-bar (see Fig. 88) 8 feet long and supported at each 

end, bears a uniform load of 1,200 
j pounds. The moment of inertia of its 
cross-section with respect to the neu¬ 
tral axis being 2.42 inches*, compute 
the maximum tensile and compressive 
unit-stresses in the beam 

Evidently the dangerous section 


r_ 


_83 



r 

cO 



SI 



_ L. 


Fig. 38. 


is in the middle, and the value of the maximum bending moment 
(see Table B, page 55, Part I) is J 'Wl, 'W and I denoting the load 
and length respectively. Here 


1 

8 


"Wl — X 1,200 X 8 — 1,200 foot-pounds, 


or 1,200 X 12 = 14,400 inch-pounds. 

The section modulus equals 2.42 2.28 = 1.06; hence 

„ 14,400 

fe — = 13,58o pounds per square inch. 


This is the unit-fibre stress on the lowest fibre at the middle sec¬ 
tion, and hence is tensile. On the highest fibre at the middle 
section the unit-stress is compressive, and equals (see page 62): 

<f 0.72 

S' = -_ S = X 13,685 = 4,290 pounds per square inch. 
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EXAMPLES FOR PRACTICE. 

1. A beam 12 feet long and G X 12 inches in cross-section 
rests on end supports, and sustains a load of 3,000 pounds in the 
middle. Compute the greatest tensile and compressive unit- 
stresses in the beam, neglecting the weight of the beam. 

Ans- 7.30 pounds per square inch. 

2. Solve the preceding example taking into account the 
weight of the beam, 300 pounds 

Ans. 7S7.3 pounds per square inch. 

3. Suppose that a built-in cantilever projects 5 feet from the 
wall and sustains an end load of 2o0 pounds. The cross-section of 
the cantilever being represented in Fig. 3S, compute the greatest 
tensile and compressive unit-stresses, and tell at what places they 
occur. (Neglect the weight.) 

j Teusile, 4,469 pounds per square inch. 

} Compressive, 14,160 “ “ “ « 

4. Compute the greatest tensile and compressive unit-stresses 
in the beam of Fig. IS, a, due to the loads and the weight of beam 
(400 pounds). (A moment diagram is represented in Fig. 18, 1)\ 
for description see example 2 , Art. 44, p. 39.) The section of 
the beam is a rectangle 8 X 12 inches. 

Ans, 680 pounds per square inch. 

3. Compute the greatest tensile and compressive unit-stresses 
in the cantilever beam of Fig. 19, r/, it being a steel I-beam whose 
section modulus is 20.4 inches”. (A bending moment diagram for 
it is represented in Fig. 19, h; for description, see Ex. 3, Art. 44.) 

Ans, 11,470 pounds per square inch. 

G. Compute the greatest tensile and compressive unit-stresses 
in the beam of Fig. 10, neglecting its weight, the cross-sections 
being rectangular G X 12 inches. (See example for practice 1, 
Art. 43.) 

Ans. COO pounds per square inch. 

65 . Second A.'pjoZication. The dimensions and the work¬ 
ing strengths of a beam are given, and it is required to determine 
its safe load (the manner of application being given). 

This problem can be solved by means of equation G written 
in this form, 
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\\\> sub.Aifule for S (lie ^iven working strength for the iiia- 
leritil <)t tlie })efioi, c)ini iur J iincl tluor \"iihies as coiiij>nteii fioiii 
the given cli lueiisions ol" the crofis-seclioii 5 then reduce, thus 
obtaining the vuliie f)f tbe safe j’esisting moment of the beam, 
which eij^uals llie greatest safe bending luonient that the beam can 
stand. AVe next compute the value of the maximum bending 
moment in terms of the unknown load; etpiate this to the value 
of the resisting moment previously found; and solve for the 
unknown load. 

In cast iron, the tensile and compressive strengths are very 
different; and the smaller (the tensile) should always be used if 
the neutral surface of tlie beam is midway between tbe top and 
bottom of tbe beam; but if it is xinequally distant from tbe top 
and bottom, proceed as in example 4, following. 

1, A wooden, beam 12 feet long and G X 12 
inches in cross-sectioji ivsts on end suj)ports. If its working 
strength is 800 pounds ])er square inch, how large a load uniformly 
distributed can it sustain 'h 

The section modulus is \hr^ b and a denoting the base and 
altitude of the section (see Table A, page 54); and here 

4 Jjtr ~X C X 12“ = 144 inches®, 

b b 

Hence S -4- = 800 X 144 = 115,200 inch-pounds. 

For a beam on end supports and sustaining a uniform load, the 
maximum bending mojueut eqiials -JWZ (see Table B, page 55), 
AV denoting the sum of the load and weight of beam, and I the 
length. If AF is expressed in pounds, then 

1 = i AA" X 12 foot-pounds = AV X 144 inch-pounds. 

Hence, equating the two values of •maximum bending moment 
and the safe resisting moment, we get 

4a7 X 144 = 115,200; 

O 

115,200 X 8 , 

or, AV == --= 6,400 pounds. 
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Tile Kaio lo:i<l for tlio ijeaiii its poiiiidit niimis tiiu 'vvei^-iit of 

the beam. 

2. A steel J-beaiu whose section modulus it. i().4 inches® 
rests on end sujipoi'ts lo feet ajiart. Ne^Iectintr the weight of the 
beam, liow larj^e a load, iiiay be placed upon it o feet from one end, 
if the working strength is 10,000 pounds per square inch i 

The safe resisting moment is 

SI 

— 10,000 X 20.-4 = 826,400 inch-pounds; 

hence the bending moment must not exceed that Taliie. The 
dangerous section is under the load; and if P denotes the unknown 
value of the load in pounds, the ina.'dmum moment (see Table R, 
page 53, Part I) e<xuals f P X 5 foot-xminds, or § P X 00 inch- 
Equating values of bending and resisting moments, 

P X 60 = 820,400; 

■D__ 326,400 X 8 o -.HA ..-V. 

X ^ —— OjlOO jpouiiclB* 

3. In the preceding example, it is required to take into 
account the weight of the beam. 373 pounds. 
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Pig. 39. 


pounds, 
we get 


or. 


As we do not know the value of the safe load, we cannot con¬ 
struct the shear diagram and tlms detennine where the dangerous 
section is. But in cases like this, where the distribtited load (the 
weight) is small compared with the concentrated load, the dan¬ 
gerous section is practically always where it is” under the concen¬ 
trated load alone; in this case, at the load. The reactions due to 
the weight equal ^ X 375 = 187.5; and the reactions due to the 
load equal ^ P and § P, P denoting the value of the load. The 
larger reaction B, (Fig. 39) hence equals § P -1- 187.5. Since 
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the weight of the beam per foot is 375 15 == 25 pounds, the 

niaxiiauiu bending nioinent ( at the load ) equals 

c I P -1- 187-5) 5- (25 X 6) 2-J = 


P -H '.»37.5 - 312.5 
iS 


P + G25. 


This is ill foot-pounds if P is in potinds. 

The safe resisting nioment is the same as in the preceding 
illustration, 32th400 in eh-pounds; hence 

P + (525) 12 = 320,400. 


Solvino; for P, we have 

O 5 

10 


8 


P + 025 =. 


320,400 


12 


or, 


10 P + 025 X 3 == 


320,400 X 3 
12 


10 P = 79,725; 

P = 7,972.5 pounds. 


81,600; 


It remains to test our assumption that the dangerous section 
is at the load. This can he done by compirting E, (with P = 
7,972.5), constructing the shear diagram, and noting %vhere the 
shear changes sign. It will .he found that the shear changes sign 
at the load, thus verifying the assumption. 

4. A cast-iron built-in cantilever beam projects 8 feet from 
the wall. Its ci*oss-section is represented in Eig. 40, and the 

moment of inertia with respect to 
the neutral axis is 50 inches*; the 
working strengths in tension and 
compression are 2,000 and 9,000 
pounds per square inch respect¬ 
ively. Compute the safe uniform 
load which the beam can sustain, 
neglecting the weight of the beam. 

The beam being convex up, the upper fibres are in tension 
and the lower in compression. The resisting moment (SI c), 
as determined by the compressive strength, is 



Pig. 40. 
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0,000 X no 

■ 4 'g = 100.000 inch-jK)iinds; 

an<l tlui resistui<r anomeut, aa determined by the tensile stren<rtli, is 
2,000 X 50 

- = 40.000 iiieh-j)Ounds. 

Hence the safe resisting moment is the lesser of these two, or 
40,000 inch-potinds. The dangerous section is at the wall (see 
Table B, page 65), and the value of the maximum bending 
moment is W/, W denoting the load and ! the length. If TT is 
in pounds, then 

^ i X 8 foot-pounds = 4 W X 90 inch-pounds. 
Equating bending and resisting moments, we have 

X 96 = 40,000; 


or, 


W = 


40,000 X 2 
9t> 


= 833 poinids. 


eXAMPLBS FOR PRACTICE. 

1. An 8 X S-inch timber projects 8 feet from a wall. If its 
working strength is 1,000 pounds per square inch, how large an 
end load can it safely sustain ? 

Ans. 890 pounds. 

2. A beam 12 feet long and 8 X 10 inches in cross-section, 

on end supports, sustains two loads P, each 3 feet from its ends 
respectively. The working strength being 1,000 pounds per square 
inch, compute P (see Table B, page 66 ). . ' 

Ans. 9,480 pounds. 

3. An I-beam weighing 25 pounds per foot rests on end 
supports 20 feet' apart. Its section modulus is 20.4 inches®, and 
its working strength 16,000 pounds per square inch. Compute 
the safe uniform load which it can sustain. 

Ans. 10,880 pounds- 

66. TJiivd Aj>;plicatioJi.' The loads, manner of support, 
and working strength of beam are given, and it is required to de¬ 
termine the size of cross-section necessary to sustain the load 
safely, that is, to “ design the beam.” 



-TO STRENGTH OF MATEIEIALS 

To solve this ])r<)blein. we use the first beam formula (eqtiation 
O'l, written in this form, 

_I_ _ M . ( 6 '") 

c ~~ “S' 

iii’st deteruiiiie tlie inaxiuiiiiii beiulino* monie^it, and then sub¬ 
stitute its value for ]\[, and the.workino; strength for S. Then we 
liave tlio value of the seetion uKxluliis (T of the required 

heani. Many cross-sections can he designed^ all having a given 
section inodiiliis. AVhich one is to he selected as most suitable will 
dc])eiid on the circumstances attending the use of the beam and 
on considerations of economy. 

E.v^f ini>h«. 1. A timber beam is to be used for sustaining 

a uniform load of l.oOO pounds, the distance between the supports 

being 20 feet. If the working strength of the timber is 1,000 pounds 

]ier square inch, what is tlie necessary size of cross-section 2 

The dano-erous section is at the middle of the beam; and the 
^ _ 

maximum bending moment ( see Table B, page 5n) is 

-1-AlV = 4- X l,f500 X 20 = 0,750 foot-pounds, 

•b o 

or 3.750 X 12 = 45,000 iiieh-poirnds. 

1 45,000 , 

Hence — = = 4o anches®. 

Now the section auodtilus of a rectangle is (see Table A, 

page 54, Part I); therefore, = 45, or ha^ — 270. 

Any wooden beam (safe strength 1,000 pounds }ier square 
inch) whose breadth times its depth square equals or exceeds 270, 
is strong enough to sustain the load specified, 1,500 poxinds. 

To determine a size, we may choose any value for h or <7, and 
solve the last equation for the unknown dimension. It is best, 
however, to select a value of the breadth, as 1, 2, 8, or 4 inches, 
and solve for a. Thus, if we try i = 1 inch, we have 
= 270, or a = 10.48 inches. 

niis would mean a board 1 X IS inches, which, if used, would 
have to be supported sidewise so as to prevent it from tipping or 
“bnekling.” Ordinarily, this would not be a good size. 

Next try J — 2 inches; we have 
2 = 270; or a — i'''270 -f- 2 == 11.02 inches. 

This would require a plank 2 X 12. a better proportion tlian the 
first. Trying 7} == 2 inches, we have 
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3 X <r — 270; or — | '^70 :i = 0.4‘.> indies. 


This would ret]Luire ix jilank 3 X 10 incdu*.s; uii<l u elioiee between 
a 2 X 12 and a 3 X 10 plank would bo governetl by cirenuistauees 
in the case of an actiial eoiistrnctiou. 

It will be noticed that we liare uejileeted the weio-lit of the 
beam. Since the dimensions of wooden beams are not fractional, 
and W's ha\*e to select a commercial size next laroor than the one 
computed (12 indies instead of 11.82 inches, for exuinple), the 
additional depth is usually suttieienfc to provide strength for the 
weight of the beam. If there is any doubt in the matter, we can 
settle it by coinpiiting the maxi mum bending iiioineut including 
the weight of the beam, and then coinjmting the greatest unit-libre 
stress due to load and weight. If this is less than the safe strength, 
the section is large enough; if greater, the section is too small. 

Thus, let us determine whether the 2 X 12-iiieh ])lank is 
strong enough to sustain the load and its own weight. The j)lank 
will weigh about 120 pounds, making a total load of 

1,500 + 120 = 1,620 pounds. 

Hence the maximum bending moment is 


-L^/ = _Li, 020 X 20 X 12 = 4:S,<>00 i ach-poiinds. 


o. I i 7 . 

Since — = -p- "ft' 

c (> 


S 


4-8,600 

48 


= -^X 2 X 12“ = 4S, and H = , 

b i-^-6* 

1,013 pounds per square inch. 


Strictly, therefore, the 2 X 12-inch plank is not large enough; but 
as the greatest unit-stress in it would he only 13 pounds per s<piare 
inch too large, its use would be permissible. 

2. What size of steel I—beam is needed to sustain safely the 
loading of Fig. 0 if the safe strength of the steel is 16,000 pounds 
per S(pmre inch ? 

The maximum handing moment due to the loads was found 
in example 1, Ar.t. 43, to be 8,800 foot-pounds, or 8,800 X 12 = 
103,600 inch-pounds. 


Hence 


I 

o 


105,600 

16,000 


6.6 inches®. 


That is, an I-beam is needed whose section modulus is a little 
larger than 6.6, to provide strength for its own weight. 
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To Select a si^ie, we need a descri]>tive table of I-beams, such, 
ns ib jaiblislied in liandbooks on structural steel. 

3]elo\v is an abrkli-’cJ copy of such a table. (The last two columns con¬ 
tain information for use later.) The figure illustrates a cross-section of an 
I-beam, and shows the axes referred to in the table. 

It will be noticed that two sizes are giyen for each depth; 
these are the lightest and heaviest of each size that are made, but 
intermediate sizes can. be secured. In colnnin 5 we find 7.3 as the 
next larger section modulus tlian the one required and this 

corresponds to a 12j-pound 0-ineh I-beam, which is probably the 
proper size. To ascertain whether the excess (7.3-0.6 = 0.70) 
in the section modulus is sufficient to ])rovide for the weight of the 
beam, we might ])roceed as in exaiiijde 1. In this case, however, 
the excess is qnite large, and the heam selected is doubtless safe. 

TABLE C. 

Properties of Standard I-Beams 
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Section of beam, showing: axes 1-1 and 2-2. 
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2 

8 

! 4 

! = ' 

6 

Depth of 

Weight 

Area of cross- 

Moment of 

Section 

Moment of 

Beam, 

per foot, 

section, i n 

inertia. 

111 0(111 ills, 

inertia. 

ill inches. 

ill pounds. 

-quare inches. 

axis 1—1. 

axis 1—1, 

axis 3—2, 

3 

5.50 

i.a3 

2.5 

1.7 

0.46 

3 

7.50 

2.21 

2.9 

1.9 

.60 

4 

7.50 

2 21 

6.0 

3.0 

.77 

4 

10.50 

3.09 

7.1 

3.6 

1.01 

5 

9,75 

2.87 

12.1 

4.8 

1.23 

5 1 

14.75 

4.34 

15.1 

G.l 

1.70 

6 

12.25 

3.61 

21.8 

7.3 

1.85 

6 

17.25 

5,07 

26.2 

8.7 

2.36 

7 

15,00 

4,42 

36.2 

10.4 

2.67 

7 

20.00 

5.88 

42.2 

12.1 

3.24 

8 

18.00 

5.33 

56,9 

14.2 

3.78 

8 

25.25 

7.43 

68.0 

17.0 

4.71 

9 

21.00 

6.31 

84.9 

18.9 

5.16 

9 

35.00 

10.29 

111.8 

24.8 

7.31 

10 

25.00 

7.37 

122.1 

24.4 

6.89 

10 1 

40.00 1 

11.76 

158.7 

31.7 

0.50 

12 

31.50 

9.26 

215.8 

36.0 

9.50 

12 

40.00 

11.76 

245.9 

41.0 

10.95 

15 

42.00 

12.48 

441.8 

58.9 

14.62 

15 

I 60.00 

17.65 

538.6 

71.8 

18.17 

18 

55.00 

15.93 

795.6 

88.4 

21.19 

18 

70.00 

20.59 

921.2 

102.4 

24.62 

20 

65.00 

19.08 

1,169.5 

117.0 

27.86 

20 

75.00 

22.06 

1,268.8 

126.9 

30.25 

24 

80.00 

23.32 

2,087.2 

173.9 

42.86 

24 

100.00 

29.41 

2,379.6 

198,3 

48.55 




f^TRENOTIl OF MATERIALS 


73 


EXAMPLES FOR PRACTICE. 

1. Detei’inino the size of a Avoodeii heaiii which can 
sustain a middle loud of )2,()i)0 pounds, if tlie Ijcani rests on end 
snj)ports Id feet apart, and its working strength is l.(K)0 jjounds 
per square inch. Assume width 0 inches. 

Ans. (> X lO inches. 

~. M^hat sized steel I-beam is needed to sustain safely a 
uniform load of 200,000 pounds, if it rests on end 8up]iorts 10 
feet apart, and its working strength is 10,000 iiounds T)er siiuare 
inch? 

Ans. lOO-pound 24.inc'.h. 

What sized steel I-beam is needed to sustaiji safely the 
loading of Fig. 10, if its working strength is 10,000 pounds per 
square inch ? 

Ans. 14.75-pound 5-inch. 

67. Laws of Strength of Beams. The strength of a beam is 
measured by the bending moment that it can safely withstand; or, 
since bending and resisting moments are equal, by its safe resist¬ 
ing moment (SI -f- a). Hence the safe strength of a beam varies 
(1) directly as the working fibre strength of its material, and (2) 
directly as the section modulus of its cross-section. For beams 
rectangular in cross-section (as wooden beams), the section modu¬ 
lus is & and a denoting the breadth and altitude of the 

rectangle. Hence the strength of such beams varies also directly 
as the breadth, and as the square of the depth. Thus, doubling 
the breadth of the section for a rectangular beam doxibles the 
strength, but doubling the depth quadruples the strength. 

The safe load that a beam can sustain varies directly as its 
resisting moment, and depends on the way in which the load is 
distributed and how the beam is supported. Thus, in the first 
four and last two cases of the table on page 55, 


M = P^, hence 
M = WI, “ 

M = P/, “ 

M = ^ WZ, « 

M = i PZ, « 

M == WZ, “ 


P = SI ^ le. 
^y = 2SI 7c, 
P = 4SI -j- 7c, 
8SIrt-7c, 
P = SSI 7c, 
W = 12SI -5- 7c. 
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Therefore tlu* safe load in all cases varies inversely with the 
length; and for the dilfereiit cases the safe loads are as 1, 2, 4, S, 
8, and 12 respectively. 

jE:t‘iniij>Tf. IVhat is the ratio of the strengths of a plank 2 X 
10 inches when jdaced edgewise and when jjlaced flatwise on its 
supports ? 

When placed edgewise, the section modulus of the plank is 
,'j X 2 X 10-= 33J, and when placed tiatwise it is -J X 10 X 2“ = 
()§; hence its strengths in the two positions are as 33^ to G| 
respectively, or as 5 to 1. 

•EXAMPLE FOR PRACTICE. 

What is the ratio of the safe loads for two beams of w'ood, 
one being 10 feet long, 3 X 12 inches in section, and having its load 
in the middle; and the other S feet long and 2x8 inches in section, 
with its load uniformly distributed. 

Ans. As 135 to 100. 

68. Modulus of Rupture. If a beam is loaded to destruction, 
and the value of the bending moment for the rupture stage is 
computed and substituted for M in the formula SI c = M, then 
the value of S computed from the equation is the modulus of 
rupture for the material of the beam. Many experiments have 
been performed to ascertain the moduli of rupture for different 
materials and for different grades of the same material. The fol- 
owing are fair values, all in pounds per square inch: 

TABLE D. 

Modtiji of Rupture. 


Timher: 


Spruce. 

Hemlock. 

White pine. 

Liong-Ieaf pine.... 
Short-leaf pine... 
Douglas spruce... 

White oak. 

Red oak. 

4X00— 7,000, 
3,5C»0 7,000, 

5.500 10,500, 
10,(;00 16,000, 

8,0C0 14,000, 
4,000 12,000, 

7.500 18,500, 
9,000 15,000, 

average 5,000 
“ 4,5rx> 

" 8,000 

“ 12,500 

“ 10,000 

“ 8,000 

“ 13,000 

“ n.noo 

{Stone: 

Sandstone. 

Limestone. 

Granite. 

1 400— 1,200, 

[ 400 1,000. 

800 1,400. 



Cast iron: 

One and one-half to two and 
one-quarter times its ulti¬ 
mate tensile strength. 

Hard steel: [Varies from 100,000 to 150,(K)C) 
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"W^roiiglit iron and structural steels luive no inodulns cif rup¬ 
ture, as specimens of tliose materials will bend cbnible.” but not 
break. The modulus of rupture of a material is used principally 
as a basis for determining its working strength. :/ 7 /e facta,- of 
safety of a loaded Ijeam is vomyntted by dlvidtny tJo’ looditlas 
of O'upttire of its Dorteviul by the yeeutest uHtt-itbee stt-ess -in 
the beam. 

69 . The Resisting 5hear. The shearing stress on a cross- 
section of a loaded beam is not a uniform stress; that is. it is not 
uniformly distributed OTer the section. In fact the intensity or 
unit-stress is actually zero on the highest and lowest fibres of a 
cross-section, and is gi'eatest, in such beams as are used in prac¬ 
tice, on filmes at the neuti-al axis. In the following ai*ticle we 
explain how to find the maximum value in two cases—cases which 
are practically important. 

70 . Second Beam Formula. Let denote the avei'age 
value of the unit-shearing stress on a cross-section of a loaded 
beam, and A the area of the croes-section. Then the value of the 
whole shearing stress on the section is : 

Resisting shear = A. 

Since the resisting shear and the external shear at any section of a 
beam are equal (see Art. 69 ), 

S, A = Y. (7) 

This is called the “ second beam formula ” It is used to investi¬ 
gate and to design for shear in beams. 

In beams uniform in cross-section, A is constant, and Sg is 
greatest in the section for which Y is greatest. Hence the great-, 
est unit-shearing stress in a loaded beam is at the neutral a.xis of 
the section at which the external shear is a maximum. There is 
a formula for computing this maximum value in any case, but it 
is not simple, and we give a simpler method for computing the 
value in the two practically important cases: 

1. In wooden beams (rectangular or square in cross-section), the 
greatest unit-shearing stress in a section is 60 per cent larger than the average 
value S,. 

2. In I-beams, and in others with a thin vertical web, the greatest 
unit-shearing stress in a section practically equals Sa, as given by equation 7, 
it the area of the web is substituted for A. 
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i/i 2 >len. 1. What is the greatest value of the tinit- 
sheuriiig stress in a wooden beam 12 feet long and 0 X 12 inches in 
cross-section when I’esting on end supports and sustaining a uni- 
forjii load of 0,400 pounds ? (This is the safe load as determined 
by working fibre stress; see example 1, Ai’t. 65.) 

The luaximum external shear equals one-half the load (see 
Table B, page 65), and comes on the sections near the supports. 

Since A = 0 X 12 ~ 72 square inches; 

= 44 pounds per square inch, 

and the greatest unit-shearing stress equals 
3 3 

__ Ss = -Tj- 44 = GO pounds per square inch. 

Apparently this is very insignificant; but it is not negligible, as 
is explained in the next article. 

2, A steel I-beam resting on end supports 15 feet apart 
sustains a load of 8,000 pounds 5 feet from one end. The weight 
of the beam is 375 pounds, and the area of its web section is 8.2 
square inches. (This is the beam and load described in examples 
2 and 3, Art. 65.) What is the greatest unit-shearing stress ? 

The maximum external sheai’ occurs near the support where 
the reaction is the gi’eatei*, and its value equals that reaction. 
Calling that reaction R, and taking moments about the other end 
of the beam, we have 

R X 15 - 375 X 7-|- - 8,000 x 10 = 0; 

therefore 15 R = 80,000 -j- 2,812.6 = 82,812.o; 
or, R = 6,620.8 pounds. 

Hence Sg =- g = 1,735 pounds per square inch. 

EXAMPLES FOR PRACTICE. 

1. A wooden beam 10 feet long and 2 X 10 inches in cross- 
section sustains a middle load of 1,000 pounds. Hegleoting the 
weight of the beam, compute the value of the greatest unit-shearing 
stress. 

Ans. 37.5 pounds per square inch. 
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2. Solve the preceding examjde taking into account tlie 
weight of the beam, 60 pounds. 

Ans. 40 pounds per si^^uaro inch. 

3. A wooden beam 12 feet long and 4 12 inches in ero^^s- 

section sustains a load of 3,000 ])Ounds 4 feet from one einl. 
ISTeglecting the weight of the beam, compute tlie value of tlie 
greatest shearing unit-stress. 

Alls. 6)2.5 pounds ])er s(piare inch. 

71. Horizontal 5hear. It caji be proved that there is a 
shearing stress on every horizontal section of a loaded beam. An 
experimental explanation will have to suffice here. Imagine a 
pile of six boards of equal length supjiorted so that they do not 
bend. If the intermediate supports are removed, thej^ will bend 
and their ends will not be flush hut somewhat as represented in 
Fig. 41. This indicates that the boards slid over each other during 
the bending, and hence there was a rubbing and a frictional re¬ 
sistance exerted by the boards upon each other. ISIow, when a 
solid beam is being bent, there is an exactly similar tendency for 
the horizontal layers to slide over each other; and, instead of a 
frictional resistance, there exists shearing stress on all horizontal 
sections of the beam. 

In the pile of boards the amount of slipping is different at 
different places between any two boards, being gi'eatest near the 
supports and zero midway between them. Also, in any cross- 
section the slippage is least between the upper two and lower two 
l)oards, and is greatest between the middle two. These facts indi¬ 
cate that the sheariup* unit-stress on horizontal sections of a solid 

o 

beam is greatest in the neutral surface at the supports. 

It can be proved that at any place in a beam the shearing 
unit-stresses on a horizontal and on a vertical section are equal. 



Fig. 41. Fig. 42. 

It follows that the horizontal shearing unit-stress is greatest at the 
neutral axis of the section for which the external shear (V) is a 
maximum. Wood being very weak in shear along the grain, 
timber beams sometimes fail under shear, the ‘‘ rupture ” being 
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two liorizontal c'raokrf aloiii*; tLe neutral siu'faee soiiiewliat as rep¬ 
resented ill Fi^. 12. It is therefore necessary, when dealing with 
tiiuher heanis, to g>''e due attention to tlieir slreugih as detei milled 
hy tlie working strength of tlie material in shear along the grain. 

A woollen heani 3 10 inches in cross-section 

rests on end supports aiul snstnins a iinifonn load of 4.000 pounds 
('oin])Ute the greatest horizontal unit-stress in the heaui. 

The nui.xiiniiin shear eipials one-half the load (see Table B, 
jiage 5o), or 2,000 jiounds. Hence, hy eriuation 7, since A = 
S X 10 00 sipiare inches, 

o 000 2 

s, == pounds per square inch. 

Tiiis is the average shearing uni -stress on the cross-sections near 
the supjiorLs; and the greatest value equals 

~ 0()-A — 100 pounds per square inch. 

Accordiug to the foregoing, this is also the value of the 
greatest horizontal shearing unit-stress. (If of white pine, for 
example, the heaui would not be regarded as safe, since the ulti¬ 
mate shearing strength .along the gi’ain of selected pine is only 
about 400 pounds per square inch.) 

73. Design of Timber Beams. In any case we may pro. 
ceed as follows:—(1) Determine the dimensions of the cross- 
section of the beam from a consideration of the fibre stresses as 
explained in Art. 00. (2) With dimensions thus determined, com¬ 
pute the value of the greatest shearing unit-stress from the formula, 

g 

Greatest shearing unit-stress = ^ V -5- al/, 

where y denotes the maximum external shear in the beam, and 
5 and a the breadth and depth of the cross-section. 

If the value of the greatest shearing unit-stress so computed 
does not exceed the working strength in shear along the grain, 
then the dimensions are large enough; but if it exceeds that value, 
then <55 or I, or both, should be increased until f- 'V" -s- ah ia less 
than the working strength. Because timber beams are very often 
“season cheeked” (cracked) along the neutral surface, it is advis- 
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able to take tlie workiiio; h?trei»ntli of woc^lrn ]H‘aiiis, in alon^ 

the grain, <j^inte low. Ojie-tweiitietli of tlu* working lihre .strength 
has been recoinnjended'** 'fur all jnne beams. 

If the working strengtli in shear is taken equal to one- 
twentieth the working libre strength, then it can be shown that, 

1. For a beam on end siipi^orts loaded in the middle, the safe load de¬ 
pends on the sheariu^^ or iibre strcnjs^th according as the ratio of length to 
depth (I a) is less or gieater than 10. 

2. For a beam on end supports uniformly loaded, the safe load de^jends 
on. the shearing or fibre strength aceoiding as f — a is less or greater than 20. 

1. It is required to design a timber beam to sus¬ 
tain loads as re])resente(l in Fig- 11, tlie working fibre strength 
being 650 pounds and the working shearing strength 50 pounds 
per square inch- 

The maxiiniim bending moment (see example for practice 3, 
Art. 43; and example for practice 2, Art. 44) equals practically 
7,000 foot-pounds or, 7,000 X 12 = 84,000 inch-pounds. 

Hence, according to equation 6''", 


I 


c 


84,000 

550 


= 152.7 inches®. 


Since for a rectangle 



~ ha? = 162.7, or bd? = 916.2. 

Now, if we let 5 = 4, tben a® = 229; 

or, a = 15.1 (practically 16) inches. 

If, again, we let 5 = 6, then = 152.7; 
or a = 12.4 (practically 13) inches. 

Either of these sizes will answer so far as fibre stress is concerned, 
but there is more “ timber ” in the second. 

The maximum external shear in the beam equals 1,556 
pounds, neglecting the weight of the beam (see example 3, Art. 
87; and example 2, Art. 88). Thei’efore, for a 4 X 16-inch beam. 


* See “Materials of Construction.”— Johwson. Page S6. 
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^0 

:i _ 1,55(5 

(h’eatest shearing unit-stress jTTTjfJ 

= 50.5 pounds per square iiicli; 
and fur a 0 X ll-inch. beam, it equals 

;; - = 37.7 pounds per square ineli. 

Since tlieao values are less tlian tlie working strength iu shear, 
either size of heaiu is safe as regards shear- 

If it is desired to allow for weight of beam, one of the sizes 
should be selected. I^'irst, its weight should be computed, then 
the new reactions, and then the uiiit-fil>re stress may he eoin- 
])Uted as in Art. 04, and the greatest sheai'ing Tiiiit-stress as iu the 
foi-eiioiiig. If these values are within the working values, then 
the size is large enough to sustain safely the load and the weight 
of the beam. 

2. What is the safe load for a white pine beam 9 feet long 
and 3 X 13 inches in cross-section, if the beam rests on end supjjorts 
and the load is at the middle of the beam, the working fibre 
strength being 1,001) pounds and the shearing strength 50 pounds 
jjer s(]_uare inch. 

The ratio of the length to the depth is less than 10; hence 
the safe load depends on the shearing strength of tl^e material 
Calling the load P, the maximum external shear (see Table B, 
page 55) equals P, and the formula for greatest sliearing unit 
stress becomes 

3 i- P 

50 — -^X ^ ~ 1,000 pounds. 

EXAMPLES FOR PRACTICE. 

1. What size of wooden beam can safely sustain loads as in 
Pig. 13, with shearing and fibre working strength equal to 50 and 
1,000 pounds per square inch Respectively ? 

Ans. C X 13 inches 

2- What is the safe load for a wooden beam 4 X 14 inches, 
and IS feet long, if the beam rests on end supports and the load 
is uniformly distributed, with working strengths as in e.N:ampl6 1? 

Ans. 3,730 pounds 
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73 . Kinds of Loads and Beams. We sliall now discuss tlie 
ytreii^tli of beams under longitudinal forces ( acriji^- purallel to 
the beam) and transverse loads. The longitudiiial forces are 
supposed to be applied at the ends of the beams ajid ahjug the axis**' 
of the beam in each case. We consider only beams resting on 
end supports. 

The transverse forces produce bending or flexure, and the 
longitudinal or end forces, if pulls, produce tension in the beam; 
if pushes, they produce compression. Hence the cases to be con¬ 
sidered may be called Combined Flexure and Tension ” and 
Combined Flexure and Compression.’^ 

74 . Flexure and Tension. Let Fig. 43, represent a beam 
subjected to the transverse loads L^, and L^, and to two eq[ual 
end pulls P and P. The reactions and are due to the trans¬ 
verse loads and can be computed by the methods of moments Just 
as though there were no end pulls. To find the stresses at any 
cross-section, we determine those due to the transverse forces 
(Lj, L^, Ljj, and Jl^) and those due to the longitudinal; then 
combine these stresses to get the total effect of all the applied 
forces. 

The stress due to the transverse forces consists of a shearing 
stress and a fibre stress; it will be called the flexural stress. The 
fibre stress is compressive above and tensile below. Let M denote 
the value of the bending moment at the section considered; and 
Cg the distances from the neutral axis to the highest and the low¬ 
est fibre in the section; and and the corresponding unit-fibre 
stresses due to the transverse loads. Then 





and S 3 = 


I • 


The stress due to the end pulls is a simple tension, and it equals 
P; this is sometimes called the direct stress. Let Sq denote the 
unit-tension due to P, and A the area of the cross-section; then • 



Both systems of loads to the left of a section bet-ween Lj and 

* Note. By “ axis of a 'beam " is meant the line through the centers of 
gravity of all the cross-sections. 
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L. iv]»iv;.onte<l ill Fig, 43, 7/; alt^o the f^tresses caused by them 
at" that section. Cicarly the elTect of the end i>tins is to increase the 


stress fon the lower 
tihrcsi uiid to decrease the. 
coiu[»iVr>ive stress (on tlie 
U])]»er fil>res) due to tlie flex¬ 
ure. Let Se denote the total 
(resultant) unit-stress on the 
U})])er fibre, and St that on 
the lower fibre, due to all 
tbe forces acting on the beam. 
Tn eonil)ining tlie stresses 
there are two cases to con- 
si<ler: 



Fig. 43. 


(1) The flexural conipressire unit-stress on the upper fibre is 
oreator than the direct unit-stx’ess; that is, Sj is greater than S^. 
The resultant stress on the upper fibre ia 

So = Sj - So (compressive); 
and that on the lower fibre is 

St = Sjj + So (tensile). 

Tlie eolubined stress is as represented in Tig. 43, c, part tensile 
and part compressive. 

(2) The flexural compressive unit-stress is less than the 
direct unit-stress; that is, S, is less than Sq. Then the combined 
unit-stress on the upper fibre is 

Sc = So - Sj (tensile) ; 
and that on the lower fibre is 


St == Sa + So (tensile). 

The combined stress is represented by Fig. 43, and is all 
tensile, 

Example. A steel bar 2X6 inches, and 12 feet long, is sub¬ 
jected to end pulls of 45,000 pounds. It is supported at each 
end, and sustains, as a beam, a unifoirm load of 6,000 pounds. 
It is required to compute the combined unit-fibre stresses. 

Evidently the dangerous section is at the middle, and M = 
^ "WI ; that is, 
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(5,000 lx! -- . U,0(M) fool 

or 0,000 I'i r-j; IOn.OOI) iiicli-jioiuitlt'. 

The bar being placed ’with the ei.\-ijicb side vertical. 

<") = li inches, and 

1 

T = "Yo ~ > <>“■= S(i inches'. (See Art. 52.) 

rr e Cl 108,000 X 3 , 

Hence Sj —- b , =--=‘0,0()() j)onnd.s ]ier s([iuire inch. 

Since A =r 2 X 0 = 12 S(|nare inches. 

-j 2 — — d,/uO pounds per scjuare ijieh. 

The greatest value of the combined, compressive stress is 

9,000 — 3,760 — 6,250 pounds iier square inch, 
and it occurs on the upper fibres of the middle seetion. The great¬ 
est value of the combined tensile stress is 

H" “ 9,000 -j- 3,750 == 12,750 ])Ounds jier square inch, 
and it occurs on the lo-west fibres of the middle seetion. 

EXAnPLE FOR PRACTICE. 

Change the load in the preceding illustration to one of 6,000 
pounds placed in the middle, and then solve. 

A j = 14,250 jjounds j>er square inch. 
* ) Sj = 21,760 “ •* “ 

75- Flexure and Compression. Imagine the arrowheads on 
P reversed; then Pig. 43, if, will represent a beam under com¬ 
bined flexural and compressive stresses. The flexural unit-stresses 
are computed as in the pi’eceding article. The direct stress is a 
compression equal to P, and the unit-stress due to P is computed 
as in the preceding article. Evidently the effect of P is to increase 
the compressive stress and decrease the tensile stress clue to the 
flexure. In combining; we have two cases as before: 

(1) The flexural tensile unit-stress is greater than the 
direct unit-stress; that is, is greater than S„. Then the com¬ 
bined unit-stress on the lower* fibi'e is 
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St, - - - S^, ( tfiisile ); 

ami that on the ui»jiei tihre i.s 

Sj. - - S, -r 5^0 ( coiJiju'essive). 

The cuiiibiued 'Hhiv btrest- is lejii'es^euteil by -hiy- TT, and, its part 
teiisile ami [lurt eoiitpresisive. 

(2) Tlte Ilexiinil uuit-tstreKS on tho Tower libi'e is less tlxan 
tlie direct iiuit-stre.ss; tluit is, S,, is less than IS„. Then the com¬ 
bined unit-stress on the lower tibre is 
Sj ~ S„ - So ( compressive); 
and that on the ii])per tibi'o is 

== "T- S, (comjtressive). 

The combined fibre stress is represented by 
Fig. 44-, 7k and is all conqu’essive. 

Jwi-i/wjf/r. A piece of timber G X C 
inches, and 10 feet long, is subjected to end 
jiushes of 0,()()() juninds. It is supjiorted in 
a horizontal j)Osilion at its ends, and sustains 
a middle load of 400 pounds. C’om])Ute the 
combined fibre stresses. 

Evidently the dangerous section is at the 
middle, and M = ^ Pf; that is, 

ZVI = j X 400 X 10 = 1,000 foot-pounds, 

or 1,000 X = 12,000 iiieh-i>ounds. 

Since = c, = 3 inches, and 

I = l>a? — i X G X G® = 108 inches*, 



Fig. 44. 


s» = s. 


12,000 X 3 
108 


331 


pounds 2 )er square inch. 


Since 


A = G X G == 3G square inches, 

„ 9,000 1 • n 

So = —3(3~“ pounds per square inch. 


Hence the greatest value of the combined compressive stress is 
So + S, = 333-^ -f- 250 = 683-^ pounds per square inch. 
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rt oceiirrf oil tlu* upper filires of the iiiMdle section, Tlie irreutest 
value of the comhined tensile stress is 

S.. — Bo “ -2o0 —— 8d-rr pounds per square inch. 

It occurs on the lowest tibivs of the middle section. 

EXAMPLE FOR PRACTICE. 

Change the load of the preceding illustration to a uniform 
load and solve. 

4 , 5 pounds per square inch. 

1 ns. I _ <^!j i. 4.. i. t. (^coiJijiression u 

7<$. Combined Flexural and Direct Stress by iTore Exact 
Formulas. The results in tlie preceding articles are only approxi¬ 
mately correct. Imagine the 
beam represented in Fig. 45, 
to he first loaded with the trans¬ 
verse loads alone. They cause 
the beam to bend more or less, 
and produce certain flexural 
stresses at each section of the 
beam. ISTow, if end pulls are 
applied they tend to straighten 
the beam and hence diminish the flexural stresses. This effect 
of the end pulls was omitted in the discussion of Art. 74, and. 
the results there given are therefore only approximate, the 
value of the greatest combined fibre unit-stress (^S^) being too 
large. On the other hand, if the end forces are pushes, they in¬ 
crease the bending, and therefore increase the flexural fibre stresses 
already caused by the transverse forces (see Fig. 45, 5). The 
results indicated in Art. 75 must therefore in this ease also be 
■regai’ded as only approximate, the value of the gi'eatest tinit- 
fibre stress (So) being too small. 

For beams loa ded in the middle or with a uniform load, the 
followinfif formulas, which take into account the flexural effect of 
the end forces, may be used ; 

M denotes bending moment at the middle section of the beam; 

I denotes the moment of inertia of the middle section with 
respect to the neutral axis; 
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Fig. 4.5. 
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S|, iR , Hiid r. liave tlie suiiK' iiu*utiin^a as in Arts. <4 and 
75, hilt rc'for always to lh(* niiddit^ section: 

/ denotes leii^tli oC tlieheani; 

E is a minil'er (lejiendino ou tlie stiffness o£ the material, the 
uverajxe values of wliieli are, for tiiuhcr, 1.500,000; and for stmo- 
tiiral steel HO.OOO.l 10( ).=•= 


S.--- 


.Me, 


P/-' 
10 K‘ 


. and S. 


Me. _ 

- H- iv-' '• (8) 

lOE 


The plus sion is to he used wiieii the end forces X are pulls, and 
the luiniis sioa when they are jiushes. 

It iiuist ]>e reuieinbered that and Sj are flexural unit- 
stresses, TIio conihination of these and the direct unit-stress is 
made exactlj' as in articles 74 and 75, 

1. It is required to apply the formulas of this 

article to the example of articde 74. 

As explained in the example refei'red to, M! = 108,000 inch- 
pounds; <’* 1 == ^ iiielies; and I = 36 inches^. 

Now,'since ? = 13 feet = 144 inches. 


^ „ 108,000 X 3 

, 45,000 X 144* 
+ 10 X 30.000,000 


824 , 00 ^ 
36+ 3.11 


= 8,284 


pounds 


per square inch, as compared with 9,000 pounds per square inch, 
the result reached by the use of the approximate formula. 

As before, S* = 3,750 pounds per square inch; hence 

So = 8,284- 3,750 = 4,534 pounds per square inch; 
and St = 8,284 + 3,750 = 12,034 “ “ ^ “ ‘‘ 

2. It is required to apply the formulas of this article to the 
example of articde 75. 

As ex])laiiied in that example, 

M — 12,000 inch-pounds; 
c\ = tq 3 inches, and I == 108 inches*. 

Now, since I = 120 inches. 


S,: 


s,--- 


12,000 X 3 


los. 


9,000 X 120“ 


36,000 , 


10 X 1,500,000 

=!•• Noth. This quantity “ B ” is more fully explained in Article 95. 
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]»er sciuare inch, as compared Avith ;383.'r ]jamids per sipiare incli, 
the result reached by use of the apjjroxiiuate method. 

As before, == 2o0 pounds jier square incdi; henci* 

So == 302 -j- 250 — 012 pounds per sipuire ineli; and 
St = 302 - 250 = 112 .. - . 


EXAMPLES FOR PRACTICE. 

1. Solve the exanij)le for practice of Art. 74 ])y tlm formulas 
of this article. 

» \ Sq 12,820 poujids ]>er scniaru inch. 

} St = 20,320 . 

2. Solve the example for practice of Art. 75 by the formulas 
of this article. 

5 ~ pounds per Stpuare inch. 

J St = 70 •• •• “ ('compression'. 

STRENGTH OF COLUflNS. 

A stick of timber, a bar of iron, etc., ■when used to sustain 
end loads -which act lengthwise of the pieces, are called columns, 
posts, or struts if they are so long that they would bend before 
breaking. W hen they are so short that they would not bend 
before breaking, they are called short blocks, and their compres¬ 
sive strengths are computed by means of equation 1. The strengths 
of columns cannot, however, be so simply determined, and we now 
proceed to explain the method of computing them. 

77. End Conditions. The strength of a column depends in 
part on the way in which its ends bear, or are joined to other 
parts of a structure, that is, on its “ end conditions.” There are 
practically biit three kinds of end conditions, namely: 

1. “ Hmge ” or “ pin ” ends, 

2. “Flat” or “square” ends,and 

3. “Fixed” ends. 

(1) "When a column is fastened to its support at one end by 
means of a pin about which the column could rotate if the other 
end were free, it is said to be “ hinged ” or “ pinned ” at the 
former end. Bridge posts or columns are often hinged at the ends. 

(2) A column either end of which is flat and perpendicular 
to its axis and bears on other parts of the structure at that surface, 
is said to be “ flat ” or “ square” at that end. 
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(3) f'oliniins art‘ scnnotiiiies rLretecl near tlielr ends directly 
to other parts of the structure and do not hear directly on their 
ends; snch are called '** tixed ended/’ A oolmun wliicli bears on its 
tiat ends is often fastened near the ends to other parts of the struc¬ 
ture, and such an end is also said to he ‘‘fixed/’ The fixing of an 
end of a coliiinn stiileus and therefore strengthens it more or less, 
hut tile strength of a column ^vith fixed ends is computed as 
though its endsivere fiat- Accordingly vre hare, so far as strength 
is concerned, the following classes of columns : 

78- Classes of Columns. ( 1 ) Roth ends hinged or pinned; 
(2) one end hinged and one fiat; (3) both ends flat. 

(Hlior things being the same, columns of these three classes 
are unecjiial in strength. Coluiiins of the first class are the 
weakest, and those of the third class are the strongest. 



79. Cross-sections of Columns. Wooden columns are usu¬ 
ally solid, square, rectangular, or round in section; but sometimes 
they are built up hollow. Cast-iron columns are practically 
always made hollow, and rectangular or round in section. Steel 
columns are made of single rolled shapes—angles, zees, channels, 
etc.; hut the larger ones are usually built up ” of several shapes. 
Fig. 46, for example, repi’esents a cross-section of a ‘‘Z-bar” 
column; and Fig. 46, that of a “channel ” column. 

80. Radius of Gyration. There is a quantity appearing in 
almost all formulas for the strength of columns, w’hich is called 
“ radius of gju’ation.” It depends on the form and extent of the 
cross-section of the column, and may be defined as follows: 
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Tlie rarlhis oi‘ fjyration of any plani' liinirf las iiji' nf a vilanjii) 

with retspoct to any lino, is such a lonjith that tho sijuan- of tlii-. length lunl- 
tipliod hy the area of the fiffure equals the mumimt of ilionia of the tijjure 
with resi)eot to the given line. 

Tlins, if A denotes the area of a iionre; I, its moment of in¬ 
ertia witli respect to some line; and r, the radiu.- of gyration 
with respect to that line; then 

r-A. — I: or'v* = l- 1 -f- A. (9) 

In the eohtmn formulas, the radius of gyration alwaj's refers to an 
axis through the center of gravity of the cross-section, and usual!v 
to tliat axis with respect to which the radius of gyration (and luo- 
ment of inertia) is least. {For an exception, see exainjilo 3, 
Art. S3.) Hence the radius of gyration in this connection is often 
called for brevity the least radius of gyration,” or aim|ilv the 
“least radius.” 

1. Show that the value of the radius of gyi’ation 
given for the square in Table A, page 54, is correct. 

The moment of inertia of the sqtiare with resj)ect to the axis 
is Since A = then, by formula 9 above. 



2. Prove that the value of the radius of gyration given for 
the hollow square in Table A, page 54, is correct. 

The value of the moment of inertia of the square with respect 
to the axis is -^V (rd — if*'). Since A = «- — ■ 



EXAnPLO FOR PRACTICE. 

Prove that the vaUies of the radii of gyration of the other fig¬ 
ures given in Table A, page 54, are correct. The axis in each 
case is indicated by the line through the center of gravity. 

8i. Radius of Gyration of Built-up Sections. The radius of 
gyration of a built-up section is computed similarly to that of any 
other figure. First, we have to compute the moment of inertia of 
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tlie Hci'tiou, us exjihviiied in Art. ^54-; and then we nse foi’Emla 9, as 

ill tlie exaiJi|tlt*.s nt* tlie preceding article. 

It is re(piire<l to compute tlie radius of gj’^ration 
of the section represented in Fig. 30 (page 53) with, respect to tlie 
axis AA. 

In example 1, Art. 54, it is shown that the moment of inertia 
of the section with i-espeet to the axis A^V is 429 inches'. The 
urea of the whole section is 


:2 X (5.03 -f 
heuce the I’adins of gyration /* is 


19.00; 


\ 19.0(5 


r—. 4.74 inches. 


EXAMPLE FOR PRACTICE. 


Compute the radii of gyration of the section 
Fig. 31, (/, with respect to the axes AA and BB. 
for practice 1 and 2, Art. 54.) 

Ans. 


represented in 
(See examples 

J 2.87 inches. 
] 2.09 “ 


82. Kinds of Column Loads. 'WTien the loads applied to a 
column are such that their resultant acts through the center of 
gravity of the top section and along the axig of the column, the 
column is said to bo centrally loaded. AFhen the resultant of the 
loads does not act through the center of gravity of the to]) 
section, the column is said to he eccentrically loaded. All the 
following formulas refer to columns centi*ally loaded. 

83. Rankine’s Column Formula. When a pei’feetly straight 
column is centrally loaded, then, if the column does not bend and 
if it is homogeneous, the sti'ess on every eross-seetiou is a uniform 
eompi'ession. If B denotes the load and A the area of the cross- 
section, the value of the unit-compression is P h- A. 

On account of lack of straightness or lack of unifonnity in 
material, or failure to secure exact centx’al apjrlication of the load, 
the load P has what is known as an “ arm ” or “ leverage ” and 
bends the column more or less. There is therefore in such a 
column a bending or flexui’al stress in addition to the direct com¬ 
pressive stress above mentioned; this bending stress is compressive 
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on tlie concave side and tensile on the convex. Tlie vnlne «>]’ ihe 
stress per unit-area (unit-stress I ou tlie tibiv at llie concave 
according- to equation G. is 3klf- I, Avlu-re "il <lenotes tlie beinling- 
moment at the section (dne to tlie load on tbe column i, the 
distance from the neutral axis to the concave side, and I the 
moment of inertia of the cross-section with n-spect to the neutral 
axis. ( Kotice that this axis is perpendicular to the jilane in 
which, the column bends.) 


The upper set of arrows (Tig. -IT) rejirest'nts the direct com- 
pz-essive stz-ess; and the second set the bending stress if tbe load 
is not excessive, so that the stresses are vithiii tlie elastic limit of 
the matei’ial. The third set i-epresents the conil»iiied sti-ess that 
actually exists on the cross-section. The greatest combined unit- 
stress evidently occurs on the fibre at the concave side and where 
the deflection of the column is greatest. The 
sti-ess is coinpi-essive, and its value S per uiiLt- 
ai-ea is given by tbe formula, 

P j M/- 

A ' 1 • 


ttiitfiitiifiniii 




fffr 




nrrj 


Tin 




: r rjT i 


ITow, the bending moment at the place of 
greatest deflection equals the pi-oduct of the 
load P and its arm (^that is, the deflection |. 
Calling the deflection </, we have JM = P//; and 
this value of M, substituted in the last equa 
tion, gives 


S 


Fig. 47. 


+ 


P</c 
“I • 


Let 7‘ denote the radius of gyi-ation of the cross-section with respee 
to the neutral axis. Then I = Az-* (see equation 9); and this 
value, substituted in the last equation, gives 



T(7o _ P , 
A?*® A 


According to the theory of the stiffness of beams on end sup¬ 
ports, deflections vary diz*ectly as the squai-e of the length 7, and in¬ 
versely as the distance c fx*om the neutral axis to the remotest fibre 
of the cross-section. Assuming that the deflections of columns 
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follow tlio fisvmo laws, mh i»iay vrite d —- Z‘ (/■’ f ), wliero Z' is 
sotiio cunstaiit dcjisiullajj; on the iiniterial of tlu' ct)!!!!!!!! aii<l on tlie 
t'lid coinlitious. fSiibstitutinw this valne for.<Z in the last e<iuatioii, 
we tind that 


and 


P T- 

S = —( 1 -f- Z' —S' 

■A. / 

P s 



1 H- Z; -4- 

SA 

1 + Z;4- 




(lO) 


Each of tliese furiually the last) is known as Hankine^’s formula.” 

Vw niilfl-Hteel columns a certain largo steel company uses S = 50,000 
pounds x^or sexuaro inch, and the following values of h: 

1. Columns with, two pin ends, 7j = 1 -f- 18,000. 

2. “* one flat and one jiin end, A* = 1 -s- 21,000. 

3. “ both ends fiat, A? = 1 30,000. ‘ 

With those values of S and A*, P of the formula means the ultimate loa(l» 
that is, the load causing failure. The safe load equals P divided hy the 
selected factor of safety—a factor of '1 for steady loads, and 5 for moving 
loads, being recommended by the company referred to. Tho same unit is to 
be used for I and r. 

Cast-iron columns aro practically always made hollow with 
comparatively thin walls, and are ^IS^^ally circular or rectanp^ular 
in cross-section. Th'^ following modifications of Rankine’s formula 
are sometimes used: 

For circular sections, 


For rectangular sections, 


In these formulas d denotes the outsido diameter of tho circular sec¬ 
tions or the length of tho lesser side of the rectangular sections. The same 
unit is to be used for 7 and d. 


P 

A 

P 

A 


80,000 




' 800 
80,000 


I- 


1,000 rf -* 


(lO') 


1. A 40-poiind 10-ineh steel I-heam 8 feet 
long is used as a flat-ended column. Its load being 100,000 
pounds, wiiat is its factor of safety ? 

Obviously the column tends to bend in a plane perpendicular 
to its web. Hence the radius of gyration to be used is the one 
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M’illi. ivsjit'ct t(j tluxt cuntrul iix.iis ciE tli'i* wijit'li id in 

tiu' Aii'l*, tliat is. axis Iv — {.see jiunire nee.oitipauviiiji’ {aide. Jiuu’e T'J ). 

Tile iiioiiieut of inertia of tke section Avitli resjiect to tlint axis, 
aocoriliiio to the talile. is O.oO iiicLes'; and since llie area of tlie 
section is 11.7(5 square inches, 


11.50 

TTTfO 


= o.fti. 


ISToav, I — S feet = £)G inches; and since k — 1 3t'5,00(), and B = 

60,000, tlie hreakiug load for this column, accordinj^ to Jvankiue's 
formula, is 


50,000 X 11.70 
0(5' 

^ + 3(5,000 X O.Bl 


= 440,100 pounds. 


Since the factor of safety equals the ratio of the hreakino load to 
the actual load ou the colmnii, the factor of safety in this case is 


446,790 .. 

100,000 (approx.). 

_ ■% 

3. "What is the safe load for a cast-iron column 10 feet lone 

Avith square ends and a holloAA'' rectangular section, tlie outside 
dimensions being 5x8 inches; the inner, 4x7 inches; and the 
factor of safety, G 1 

In this case Z = 10 feet = 120 inches; A^o xS — 4 X 7 
==12 square inches; and (1=5 inches. Hence, according to 
formula 10', for rectangular sections, the breaking load is 


P = 


80,000 X 12 

1 

^ 1,000 X 5® 


010,000 pounds. 


Since the safe load equals the breaking load divided by the factor 
of safety, in this case the safe load equals 


610,000 

6 


= 101,700 pounds- 


3. A channel column (see Pig. 46, &) is pin-ended, the pins 
being perpendicular to the webs of the channel (represented by 
A A in the figure), and its length is 16 feet (distance between axes 
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of lilt- piiis). 3f the sectional area is 2o.5 stj^viare inches, and the 
nuiiueiit of inerria Avith res]>ect to AA is 3<S{> inches‘ and with 
jvspeel to JjI’ 214 iiiches\ what is the safe load with a factor of 
saTotv of 4 


The ctilujun is Jialile to Lend in one of two waj’s, namely, in 
the pliiiie j lev]tendienlar to the axes of the two pins, or in the plane 
containing those axes. 

( ] I For bending in the first plane, the strength of the col- 
inun is to bo com]»nted from the formula for a "[jin-ended column. 
Hence, for. this ease, — OSO -f- 23.5 — 10; and the breaking 
load is 


50,000 X 23.5 , 

P - (10 ' x ' 12f 1,041,000 pounds. 

^ 18,000 X" 10 

The stife load for this case etpials = 200,400 pounds. 


1 2) If the supports of the juus are rigid, then the pins 
HtiiTeii the column as to bendiug in the plane of their axes\ and the 
strength of the column for hending in that ]^)lane should he coin- 
jnited from the formula for the strengtJi of columns witli Hat ends. 
Hence, 7 ^“ = 211- 23.5 = ihll, and thebreakiiig load is 


50,000 X 23.6 
(lU X 18)» 

-*■ i 


30,000 X 0.11 
The safe load for this case equals ■ 


1.056,000 pounds. 

: 264,000 pounds. 


EXAMPLES FOR PRACTICE. 

1. A 40-pound 12-incli steel I-beam 10 feet long is used as 
a column with fiat ends sustaining a load of 100,000 pounds. 
"What is its factor of safe.ty? 

Ans. 4.1 

2. A cast-iron column 15 feet long sustains a load of 
150,000 pounds. Its section being a hollow circle, 9 inches out¬ 
side and 7 inches inside diameter, what is the factor of safety? 

Ans. 8.9 

3. A steel Z-har column (see Fig. 46, a) is 24 feet long and 
has squai’e ends; the least radius of gyration of its cross-section is 
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3.1 iucFts5 iiiid tliu uivsi ol tFo is siuiiuv inclifs. 

AThat is the safe load for the eohiiim with a i'aelor of safi-tv of -I ' 

A-Uf. '1 Fi .1(110 jiimaiiN. 

4-. A. east-ii'ou c*t)Lniiiii 13 leet loiiiji Jais a hollow eirc'ulai’ 
cross-section 7 inches outside hikI ol ineiies inside dianu-tiw. 
What is its safe load with a factor of safety of 0 ' 

Alls. 121,142 jiuiuids. 
6. Compute the safe load for a 40-ponnd lr2-iueh steel 
l“heam used as a column w'ith Hat ends^ its len^’tJi heiiit^ IT fet^t. 
Use a factoi’ of safety of 5. 

Ans. 52.4:70 jiounds. 
84. Graphical Representation of Column Formulas. Col¬ 
umn (and most other engineering) formulas can he re]»resente«l 
graphically. To represent Eankine’s formula for Hat-ended mild- 
steel columns, 


£. 
A - 


1 


50.000 
■ (TAUr) 
80,000 


we first substitute different values of 7 y iii the formula, and 
solve for P A. Thus we Hud, when 

7 - >• = 40, P -5- A = 47,900 ; 
l,-^r= 80, P A = 42,500; 
l-^r = 120, P - A = 35,750 ; 
etc., etc. 

ISTow, if these values of 7 -e- »■ he laid off by some seale on a line 
from O, Pig. 48, and the corresjiouding values of P -s- A be laid 

P^A 



off vertically from the points on the line, we get a series of points 
as ff, S, c, etc.; and a smooth curve through the points a, o, 
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eti'., reprwoutd tlie foniiula. Suc-li a c*ui*vi*. l>ehUles repruseiiting 
thi> funaulrt to one’s eye, can lie iisetl for litnling tlie Talue of 
j*.;. foi' any value of / oi’ tJio value of ^ r for any valuo 

of P A. The use liereia auade is in e.\;])lainiug otlier oolumu 
foi-mulas in succeeding articles. 

' 8$. Combination Column Formulas. 3Eany eolumus have 
Leen tested to destruction in order to discover iu a practical way 
the laws relating to the strength of colniuiis of different kinds. 
The results of sirch tests can bo most satisfactorily represented 
graphically by plotting a point iu a diagram for each test. Tims, 
suppose that a colunm whose I r was SO failed under a load of 
STfhOUO pounds, and that the area of its cross-section was 7.12 
s(pmre inches. This test would be represented hy laying off Oa, 
Fig, 49, etptal to 80, according to some scale; and then al> e(][ual to 
270,000 -h- 7.12 (P -5- A'), according to some other convenient 
scale. The 2 )oiiit l> would then re 2 )resent the result of this 2 )ar- 
ticular test. All the dots in the figure reju-esent the way iu which 
the results of a series of tests a 2 ) 2 )ear when plotted. 

It will be observed at once that the dots do Jiot fall upon any 
one ciLi’ve, as the curve of lliiukine’s formula, btraig'lit lines and 



curves simpler than the curve of Paukine’s formula have been 
fitted to represent the average jpositions of the dots as determined 
hy actual tests, and the foi-mulas corresponding to such lines have 
been deduced as column formulas. These are explained in the 
following articles. , 

86 . Straight-Line and Euler Formulas. It occurred to Mr. 
T. II. Johnson that most of the dots corresponding to ordinary 
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lengtlis of columns agree with a straight line just as Avell as with 
a curve. He therefore, in 1880, made a niiniher of such plats or 
diagrams as Fig. 10, fitted straight lines to them, and deduced the 
formula corresponding to each line. These have become known 
as “straight-line formulas,” and their general form is as follows: 

^ = S - (ll) 

P, A, Z,and shaving meanings as in Rankine’s formula (Art. S3), 
and S and 'la being constants whose values according to Johnson 
are given in Table E below. 

For the slender columns, another formula (Euler’s, long since 
deduced) vvas used by Johnson. Its general form is— 

P . . 

A ~ ^ r)-’ 

being a constant whose values, according to Johnson, are given 
in the following table: 

TAB1.E E. 

Data for JVlild-Steel Columns. 



s 

- .. ! 

Limit (Z ~ r> 

91 

Hinged ends. 

52,500 

52,500 

220 

160 

‘t44,OCK),000 

Plat ends. 

180 

195 

666,000,000 


The numbers in the fourth column of the table mark the point of divi¬ 
sion between columns of ordinary Xeng^th and slender columns. For the 
former kind, the straight-line formula applies; and for the second, Euler’s. 
That is, if the ratio It for a steel column with hinged end, for example, is 
less than 160, we must use the straight-lino formula to compute its safe load, 
factor of safety, etc.; but if the ratio is greater than 160, we must use Euler’s 
formula. 

For cast-iron columns with flat ends, S = 34,000, and m = 88; and since 
they should never be used “ slender,” there is no use of Euler’s formula for 
cast-iron columns. 

The line AB, Fig. DO, represents Johnson’s straight-line for¬ 
mula; and BC, Euler’s formula. It will be noticed that the two 
lines are tangent; the point of tangency corresponds to the lim¬ 
iting value” I -f- as indicated in the table. 

Examples. 1* A 40-pound 10-inch steel I-beain column 8 
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feet long sustains a load o£ 100,000 pounds, and the ends are llat. 
(loiupute its factor of safety according to the methods of this 
article. 

The first thing to do is to compute the ratio ? -r- for the 
column, to ascertain whether the straight-line formrtla or Euler’s 



formula should be used. From Table 0, on pag© 13, we find that 
the moment of inertia of the column about the neutx’al axis of 
its cross-section is 9.50 inches*, and the area of the section is 
11.70 square inches. Hence 

v*3 = “ 0.81; or r = 0.9 inch. 


Since I == 8 feet = 90 inches, 


^ _ _96__ 

r 0.9 



This ralue oi I r is less than the limiting value (195) indicated 
by the table for steel columns with flat ends (Table E, p. 97), anil 
we should therefore use the straight-line formula; hence 

= 53,500 - 180 X 100-|-; 

or, F = 11.76 (53,500 - 180 X 100-|-) — 391,000 pounds. 


This is the breaking load for the column according to the sti-aight- 
line formula; hence the factor of safety is 

391,600 





STEEN’GTIT OF MATEKIALS 


99 


2. Suppose tliat tlie length of the column described in the 
preceding example were 10 feet. lYhat would its factor of safety be 2 
Since 1 = 1(3 feet = 192 inches; and, as before, r = 9.9 
inch, Z -r- /' = 213-J. This value is greater than the limiting 
value (195j indicated by Table E fp. OT) for flat-ended steel col- 
umus; hence Euler’s formula is to be used. Thus 


or, 


P _ 900,000,000 
11.70 “ (213^)^ ’ 


r = 


11.70 X 000,000,090 
( 213 -^)== 


172,100 pounds- 


This i.s the breaking load; hence the factor of sjifety is 


172,100 ^ 

100,000 


3. "What is the safe load for a cast-iron column 10 feet long 
with square ends and hollow rectangular section, the outside 
dimensions being 5x8 inches and the inside 4x7 inches, with a 
factor of safety of 0 ? 

Substitirting in the formula for the radius of gyration given 
in Table A, page 54, we get 


/ 8 X 5=*- 7X 4» 

\ 12 (8 X 5 - 7 X 4) 


= 1,9G inches. 


Since Z = 10 feet = 120 inches, 


I _120 

'/• 1.90 


61.22 


According to the straight-line formula for cast iron, A being 
equal to 12 square inches, 

^ = 84,000 - 88 X 61.22; 


or, P == 12 (84,000 - 88 X 01.22) = 343,360 pounds. 

This being the breaking load, the safe load is 


343,860 

6 


= 57,227 pounds. 
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EXAMPLES FOR PRACTICE. 

1. A 40-pound 13-ineh steel I-beam 10 feet long is used as 
a flat-ended column. Its load being 100,000 pounds, compute 
tlie factor of safety by the foi’mulas of this article. 

Ans. 8.5 

2. A cast-iron eolumia 15 feet long sustains a load of 
150,000 pounds. Its section being a hollow circle of 9 inches 
outside and 7 inches inside diameter, compute the factor of safety 
bv tbe straight-line formula- 

^ ^ Ans. 4.8 

3. A steel Z-har column (see Fig. 46, «) is 24 feet long 
and has scpiare ends; the least raditis of gj'ration of its cross- 
section is 3.1 inches; and the area of the ci'oss-section is 24.6 
square inches. Compute the safe load for the column by the 
formulas of this article, using a factor of safety of 4. 

Ans. 219,000 pounds. 

4. A hollow cast-iron column 13 feet long has a circular 
cross-section, and is 7 inches oirtside and 5-J inches inside in 
diameter. Compnte its safe load hy the formnlas of this article, 
using a factor of safety of 0. 

® Ans. 08,600 pounds 

5. Compute hy the methods of this article the safe load for 
a 40-pound 12-incli steel I-beam used as a colnuin with flat ends, 
If the length is 17 feet and the factor of safety 5. 

Ans. 35,100 2 )ounds. 

87 . Parabola-Euler Formulas. As better fitting the results 
of tests of the strength of columns of ordinary lengths,” Pi’of. 
J. B. Johnson proposed (1892) to use parabolas instead of straight 
lines. The general form of the “ parabola formula ” is 

^ = ( 13 ) 

P, A, I and r having the same meanings as in Rankine’s forinula, 
Art. 8S; and S and m denoting constants vvhose values, aeooi'ding 
to Professor Johnson, are given in Table F below. 

Like the straight-line formula, the parabola formula should 
not he used for slender columns, but the following (Euler’s) is 
applicable: 
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P 


tile values of ')i (Joliiison) being given in the following fable: 

TABLE F. 

Data for ilild Steel Columns. 



S 


Llialt (1 r) 

n 

Hinged ends. 

42,000 

0.97 

150 

456,000,000 

Plat ends. 

42,000 

0.62 

190 

712,000,000 


The point of division between columns of or(iinar 7 length and slender 
columns is given in the fourth column of the table. That is, if the ratio Z-r-r 
for a column with hinged ends, for example, is less than 150, the parabola 
formula should be used to compute the safe load, factor of safety, etc.; but 
if the ratio is greater than 150, then Euler formula should be used. 

The line AB, Pig. 51, rei)resents the parabola formula; and the line 
BC, Euler’s formula. The two lines are tangent, and the point of tangency 
corresponds to the ''limiting value” Z-r-r of tho table. 

For wooden columns square in cross-section, it is convenient to replace 
r by d, the latter denoting the length of the sides of the square. The formula 
becomes 



S and m for dat-ended columns of various kinds of wood having the follow¬ 
ing values according to Professor Johnson; 

For White pine, S=2,500, m — 0.6; 

^ ^ Short-leaf yellow pine, S=3,300, m = 0.7; 

^ ^ Ltong-loaf yellow pine, S=4,000, m — 0.8; 

' ‘ White oak, S=3,500, 'ni = 0.8. 

The i>rec€dmg formula applies to any wooden column whose ratio, Z-r-of, 
is less than 60, within w'hich limit columns of practice are included. 
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8 feet lonp; sustains a load of 100^000 pouiids^and its ends are flat. 
Ooiupiite its factor of safety according to tlic inetliods of this 
article. 

The first thing to do is to compute the I’atio I -- r for the 
column, to ascertain 'svhether the parabola formuhi or Euler'^s for¬ 
mula should he used. As shown in example 1 of the preceding 
article, 7 /* = 100-^. This ratio being less tban the limiting 

value, 190, of the table, we should use the paraLohi formuhi. 
Hence, since the area of the cross-section is 11.70 B(piare inches 
(see Table O, page 72), 

= 42,000 - 0.C2 (100^)==; 


or, P = 11.7G [43,000 - 0.03 (10Gf)“j = 410,970 jwunds. 

Tliis is tlie Lreakiiig load according to the parabola formula; liciice 
the factor of safety is 

1 T 1 ¥ f \ 

4.1 


410,970 


100,000 

2. A white pine column 10 X 10 inches in cross-section and 
18 feet long sustains a load of 40,000 pounds. "VVliat is its factor 
of safety ? 

The length is 18 feet or 31G inches; hence the ratio I -i- = 

21.G, and the parabola formxila is to be applied. 

Now, since A = 10 X 10 = 100 square inches, 

P 

= 2,500 - O.G X S1.G“; 

or, P = 100 (3,500 — O.G X 31.G“) = 232,000 jtonnds. 

This being the breaking load aceoi'ding to the parabola fonnnla, 


the factor of safety is 


222,000 


5.5 


40,000 

3. What is the safe load for a long-leaf yellow pine column 
12 X 12 inches squai-e and 30 feet long, the factor of safety 
being 5 ? 

The length being 30 feet or 3G0 inches, 

^ 360 

: 30; 


d 


12 
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hence the jjai-abola formula should be used. Since A = 13 K 13 
= 144 square inches, 

P 

^ == 4,000 - 0.8 X 30=; 

or, P = 144 (4,000 - O.S X 30=) = 472,320 pounds. 

This being the breaking load according to the parabola formula, 
the safe load is 

= 04.405 ix.unds. 

EXAMPLES FOR PRACTICE. 

1. A 40-pound 12-inch steel I-beam 10 feet long is used as 
a flat-ended column. Its load being 100,000 pounds, compute its 
factor of safety by the formulas of this article. 

' Ans. 3.8 

3. A Avliite oak column 15 feet long sristains a load of 
30,000 pounds. Its section being 8X8 inches, compute the 
factor of safety by the parabola forniiila. 

Ans. 0.6 

3. A steel Z-har column (see Pig. 46, c?) is 24 feet long and 
has square ends; the least radius of gyration of its cross-section 
is 3.1 inches; and the area of its cross-section is 24.5 square 
inches. Compute the safe load for the column by the formulas 
of this article, using a factor of safety of 4. 

Ans. 224,600 2 >ounds. 

4. A short-leaf yellow pine column 14 X Id: inches in sec¬ 
tion is 20 feet long. MTiat load can' it sustain, with a factor of 

safety of 6 ? • 

Ans. 101,000 porinds. 

88. “ Broken Straight-Line ” Formula. A large steel com- 

jjany computes the strength of its flat-ended steel columns hy two 
formulas represented hy two straight lines AB and BC, Fig. 62. 
The formulas are 

= 48,000, 

and = 68,400 - 228 p 

P, A, If and r having the same meanings as in Art. 88. 
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The j)oint 33 corresponds very iieaily to the ratio 7 -e- r = 
Heiico, for coliiinns for whicli the mtio 7 -e- y* is less than tJO, the 
first formula applies; and for columns for ^vhich the ratio is 
^•reater than 00, the second one applies. The point (5 corre¬ 
sponds to the ratio I -s- /• — 20(), and the second formula does not 
ai^ply to a column for which 7 v is greater than that limit. 



The ratio 7 -4- r for steel eolmnns of practice rai-ely exceeds 150, 
and is usually less than 100. 

Fig. 63 is a combination of Figs. 49, 60, 51 and 53, and 
represents graphically a comparison of the Kaukine, straight-line, 
Euler, parabola-Euler, and broken straight-line formulas for flat- 
ended mild-steel columns. It well illustrates the fact that our 
knowledge of the strength of columns is not so exact as that, for 
example, of the strength of beams. 



89. Desii^n of Columns. All the preceding examples relat¬ 
ing to columns were on either (1) computing the factor of safety 
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of a given loaded column, or (2) computing tlio safe load for a 
given column. A more important problem is to design a column 
to sustain a given load under given conditions. A complete dis¬ 
cussion of tliis problem is given in a later paper on design. A^e 
show here merely bow to compute tlie dluifnsioni^ of tlie cross- 
section of the column after tbe form of the cross-section has been 
decided upon. 

In only a few cases can tbe dimensions be computed directly 
(see example 1 following), but usually, when a column formula is 
applied to a certain case, there will be two unknown quantities in 
it, A and r or d. Sucb eases can best be solved by trial (see 
examples 2 and 3 below). 

Eu cnn^Te. 1. AVbat is tbe proper size of white pine column 
to sustain a load of 80,000 pounds with a factor of safety of 5, 
when the length of the column is 22 feet ? 

We use the parabola formula (equation 13). Since the safe 
load is 80,000 pounds and the factor of safety is 5, the breaking 
load P is 

80,000 X 5 — 400,000 pounds. 

The unknown side of tbe (square) cross-section being denoted by 
d^ tbe area A is d^. Hence, substituting in the formula, since I 
22 feet 264 inches, we have 

== 2,600 - 0.6 
d- dr 

Multiplying both sides by d? gives 

400,000 == 2,500 - 0.6 X 264^ 

or 2,600 J* = 400,000 + 0.6 x 264? = 441,817.6. 

Hence 6P — 176.73, or c? = 13.3 inches. 

2. AVTiat size of cast-iron column is needed to sustain a load 
of 100,000 pounds with a factor of safety of 10, the length of the 
column being 14 feet ? 

We shall suppose that it has been decided to make the cross- 
section circular, and shall compute by Eankine’a formula modified 
for cast-iron columns (equation- 10'). The breaking load for the 
column would be 
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100,000 X 10 == 1,000,000 pounds. 

Tile lengtli is 14 feet or 16S incTies: lienee tLe foroiiua oecomes 

1 ,000,000 80,000 
A 168^ ’ 

800^/2 


or, reducinfjf by dividing both sides of the equatiou by 10,000, and 
then eleariug of fractions, we have 


100 [1 + 


168» 

SOO^fd 


8 A. 


There are two unknown quantities in this equation, d- and A, and 
we cannot solve directly for them. Probably the best way to pro¬ 
ceed is to assume or guess at a practical value of then soh'e for 
A, and finally compute the thickness or inner diameter. Thus, let 
us try (I equal to 7 inches, first solving the equation for A as far 
as possible. Dividing both sides by 8 we have 


100 p 

8 800cW’ 


and, combining, 


A == 12.5 + 



Now, substituting 7 for d, we have 


A = 12'.5 + 


441 

49 


= 21.6 square inches. 


The area of a hollow circle whoso outer and inner diameters are 
d and d^ respectively, is 0.7864 — d^'). Hence, to find the inner 

diameter of the column, we substitute 7 for d in the last expres¬ 
sion, equate it to the value of A Just found, and solve for </,. Thus, 


hence 


0.7864 (49 - d^-) = 21.5* 


49 -- d^ — 


21.6 

0,7854 


27.37; 


and = 49 - 27.37 = 21.G3 or = 4.05. 

This value of (I makes the thickness equal to 

(7 - 4.66) = 1.175 inches, 
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which is safe. It might be advisable in an actual case to try 
d equal to 8 repeating the computation.* 

EXAMPLE FOR PRACTICE. 

1 . 'Whatsizeof white oak colmiin is needed to sustain a load 
of 4S,00() pounds with a factor of safety of (>, tlie length of the 
column being 12 feet. 

Ans. d practically a 10 ^ 10-inch section 

STRENGTH OF SHAFTS. 

A shaft is a j)art of a machine or system of machines, and is 
used to transmit power by virtue of its torsional strength, or resist¬ 
ance to twisting. Shafts are almost always made of metal and are 
usually circular in cross-section, being sometimes made hollow. 

90 . Twisting Moment. Let AF, Fig. .14, represent a shaft 
with four pulleys on it. Suppose that D is the driving pulley 
and that B, C and E are pulleys froni which power is taken off to 
drive machines. The portions of the shafts between the pulleys 



are twisted when it is transmitting power; and by the twisting 
moment at any cross-section of the shaft is meant the algebraic 
sum of the moments of all the forces acting on the shaft on either 

*Notb. The struetnral steel handbooks contain extensile tables by 
means of which the design of columns of steel or cast iron is much facilitated. 
The difficulties encountered in the use of formulae are well illustrated in this 
example. 
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side of the section, tlie moments being takeji with respect to tbe 
axis of tlie shaft. Thus, if tiie forces acting on the shaft (at the 
pulleysi are P,, P,, P,, and P* as shown, and if the arms of the 
forces or radii of the pulleys are <'^ 3 , f' 3 , and <r^ resj[»eetiTely, then 

the twisting moment at any section in 

Bf; is P, //., 

OP is P, -f 3\ ff., 

PE is Pj -f Ps <(., - 3’, ''r 

Like bending moments, t\tdsting moments are usually e.x- 
pressed in in oh-pounds. 

Examxyle. Let = lo inches, a, == 30 inches, 

P, = 400 pounds, P, = 500 pounds, P, = 750 pounds, and P, = 
GOO pounds.-'*'- What is the value of the greatest twisting moment 
in the shaft ? 

At any section between the first and second pullej s, the 
twisting moment is 

400 X 13 = 6,000 inch-pounds; 

at any section between the second and third it is 

400 X 15 + 500 X 15 13,500 inch-pounds; and 

at any section bet%’reen the third and fourth it is 
400 X 15 + 500 X 15 - 750 X 30 = - 9,000 iiKdi-p<nin.ds. 
Hence the greatest value is 13,500 inch-pounds. 

pi. Torsional Stress. The stresses in a twisted shaft are 
called “torsional” stresses. The torsional stress on a cross-section 
of a shaft is a shearing stress, as in the case illustrated by Fig. 55, 
which represents a flange coupling in a shaft. "Were it not for 
the bolts, one flange would slip over the other when either [)art 
of the shaft is turned; but the holts prevent the sli^iping. Obvi¬ 
ously thei*e is a tendency to shear the bolts off Tinless they are 
screwed up very tight; that is, the material of the bolts is sub¬ 
jected to shearing stress. 

Just so, at any section of the solid shaft there is a tendency 
for one part to slip past the other, and to prevent the sli])ping or 

* Note. These numbers were so cboson that the moment of P (driving 
moment) equals tlic sum of the moments of the other forces- This is always 
the ease in a shaft rotating at constant speed; that is, the power given the 
shaft equals the poiver taken off. 
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shearing of the sliaft, there arise shearing stresses at all parts of 
the cross-section. The shearing stress on the cross-section of a 
shaft is not a nniforiu stress, its value ])er unit-area being zero at 
the center of the section, and increasing toward the circumference. 
In circular sections, solid or hollow, the shearing stress per unit- 
area (uuit-stressj varies directly as the distance from the center 
ol: the section, provided the elastic limit is not exceeded. Thus, 
if the shearing unit-stress at the • circumference of a section is 




Fig. 65. 

1,000 pounds per square inch, and the diameter of the shaft is 
2 inches, then, at inch from the center, the unit-stress is 500 
pounds per square inch; and at inch from the center it is 250 
pounds per square inch. In Fig. 55 the aiTows indicate the 
values and the directions of the shearing stresses on very small 
portions of the cross-section of a shaft there represented. 

pa. Resisting Moment. By “resisting moment” at a sec¬ 
tion of a shaft is meant the sum of the moments of the shearing 
stresses on the cross-section about the axis of the shaft. 

Let Sg denote the value of the shearing stress per unit-area 
(unit-stress) at the outer points of a section of a shaft; fl the 
diameter of the section (outside diameter if the shaft is hollow); 
and the inside diameter. Then it can he shown that the re¬ 
sisting moment is: 

For a solid section, 0.1963 Sg 

, ,, .. 0.1963 Sg 

lor a hollow section, -- 

P3. Formula for the Strength of a Shaft. As in the case 
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of Ijeains, tlie resiating moment equals the twisting moment at 
any section. 3f T ]je used to denote twisting moment, then we 
hare tlie fonnulas; 


Eor solid circidax' shafts, 
For hollow circular shafts, 


0.1963 S, (r = T; 
0.1903 


} 

\ 


(» 5 ) 


In any }.ortion of a shaft of constant diameter, the unit- 
shearing stress S^ is greatest where the twisting inomexit is gi eatest. 
Hence, to compute the gi-eateSt unit-shearing stress in a shaft, 
we first determine the value of the greatest twisting moment, 
substitute its value in the first or second eciuation above, as the 
case Juay be, and solve for It is customary to express 1 in 

inch-pounds and the diameter in inches, Sg then being in jtounds 
per square inch, 

Exa.m;i>les. 1 . Oornjmte the value of the greatest shearing 
unit-stress in the portion of the shaft between the first and second 
pulleys 1 ’epi‘esented in Fig- *54, assuming values of the forces and 
pulley radii as given in the example of ai’ticle 90. Suppose also 
that the shaft is solid, its diameter being 2 inches. 

The twisting moment T at any section of the portion between 
the first and second pxxlleys is 0,000 inch-pounds, as shown in the 
example refei'i’ed to. Hence, substituting in the lii’st of the two 
formulas 15 above, M'e have 


0.1963 S 3 X 2® = 6,000; 




6,000 

O.IUCB X « 


= 3,820 pounds per sqiiai’e inch. 


This is the value of the xxnit-sti’ess at the oxitside poi'tions of till 
sections between the first and secoxxd pulleys. 

2. A hollow shaft is circular in cross-section, and its outer 
and inner diametei*s are 16 and 8 Ixiches respectively. If the 
working sti'ength of the material in sheax’ is 10,000 pounds pel* 
square inch, what twisting moment caii the shaft safely sustain 'f 

The problem i-equires that we merely substitute the values of 
Sg, and in the second of the above fonnulas 15, and solve for 
T. Thus 

T = 0-1963 X ^ 7,537,820 inch-pbunds. 
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EXAMPLES FOR PRACTICE. 


1. Compute the gi’eatest value of the shearing imit-stress in 
the shaft represented in Fig. 54, using the values of the forces 
and pulley radii given in the example of article 90, the diameter 
of the shaft being 2 inches. 

Ans. 8,595 pounds per sqtiare inch 

2. A solid shaft is circular in cross-section and is 9.0 inches 
in diameter. If the working strengtli of the material in shear is 
10,000 pounds per square inch, how large a twisting moment can 
the shaft safely sustain? (The area of the cross-section is practically 
the same as that of the hollow shaft of example 2 preceding.) 

Ans. 1,736,736 inch-pounds. 

94. Formula for the Power Which a Shaft Can Transmit. 
Hie power that a shaft can safely transmit depends on the shear¬ 
ing working strength of the material of the shaft, on the size of 
the cross-section, and on the speed at which the shaft rotates. 

Let II denote the amount of horse-power; the shearing 
working strength in pounds per square inch; the diameter 
(outside diameter if the shaft is hollow) in inches; c?, the inside 
diameter in inches if the shaft is hollow; and ov the number of 
revolutions of the shaft per minute. Then the relation between 
power ti’ansmitted, unit-stress, etc., is: 


For solid shafts, 


11 = 


S g rZ® n , 
321,000 ’ 


For hollow'Shafts, H = 


321,000 d 


(16) 


l£x(nnple». 1. "What horse-power can a hollow shaft 16 
inches and 8 inches in diameter safely transmit at 50 revolutions 
jier minute, if the shearing working strength of the material is 
10,000 pounds per squai-e inch? 

"We have merely to substitute in the second of the two for¬ 
mulas 16 above, and reduce- Thus, 


^ = ^^’ 321,000 = 6,000 horse-power (nearly). 

2. 'What size of solid shaft is needed to transmit 6,000 horse¬ 
power at 60 revolutions psr minute if the shearing working 
strength of the material is 10,000 pounds per square inch? 
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"We have merely to substitute in the first of the two formulas 
16, and solve for <1. Thus, 


6,000 == 


10,000 X (P X 50^ 
321,000 ’ 


therefore 


0,000' X 321,000 
10,000 X 50 


3,852; 


or, d — 1^3,852 = 15.08 inches. 


(A solid shaft of this diameter contains over 25% more material than 
the hollow shaft of example 1 preceding. There is therefore considerable 
saving of mateiaal in the hollow shaft.) 

3. A solid shaft 4 inches in diameter transmits 200 horse¬ 
power while rotating at 200 revolutions per minute. "What is the 
greatest shearing unit-stress in the shaft? 

We have merely to substitute in the first of the equations 16, 
and solve for S^. Thus, 


200 


Ss X 4« X 200 
321,000 ’ 


^ 200 X 321,000 

or, b =--== 6,01b pounds per square inch 


EXAMPLES FOR PRACTICE. 

1. IVhat horse-power can a solid shaft 9.0 inches in diameter 
safely transmit at 50 revolutions per minute, if its shearing work¬ 
ing strengtli is 10,000 pounds per square inch ? 

Ans. 1,378 horee-power. 

2. What size of solid shaft is required to transmit 500 horse- 
power at 160 revolutions per minute, the shearing working strengtli 
of the matei'ial being 8,000 pounds per square inch. 

Ans. 5.1 inches. 

3. A hollow shaft whose outer diameter is 14 and inner 6.7 
inches transmits 5,000 horse-power at 00 revolutions ]ier miunte. 
What is the value of the greatest shearing unit-stress in the shaft? 

Ans. 10,273 pounds per square inch. 

STIFFNESS OF RODS, BEAMS, AND SHAFTS. 

The preceding discussions have related to the strength of 
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materials'.' "VVe shall now consider principally the eloiujatinn of 
rods, deflection of hea-tn^, and twist of shafts. 

95 . Coefficient of Elasticity. According to Hooke’s liaw 
(Art. 9, p. '7), the elongations of a rod subjected to an increasing 
pull ai’e 2 )roportional to the pull, pi*ovided that the stresses due to 
the pull do not exceed the elastic limit of the material. Within 
the elastic limit, then, the ratio of the pull and the elongation is 
constant; hence the ratio of the unit-stress (due to the pull) to the 
unit-elongation is also constant. This last-named ratio is called 
“ coefficient of elasticity.” If E denotes this coefficient, S the 
unit-stress, and s the unit-deformation, then 

E - A (.7) 

Coefficients of elasticity are usually expressed in pounds per square inch. 

Tlie |)reeedii:ig remarks, deiinitionj* and formula apply also to 
a case of eoiupression, provided that the material being compressed 
does not bend, hut simply shortens in the direction of the com- 
])ressing forces. The following table gives the values of 

the coefficient of elasticity for various materials of construction: 


TABLE G. 

Coefficients of Elasticity. 


Material. 

Average Coefficiont of Elasticity. 

Steel. 

30,000,000 pounds i>er sciuare inch. 

27,500,000 “ “ “ “ 

15,000,000 “ “ “ “ 

1,800,000 “ “ “ “ 

Wrought iron. 

Oast iron. 

Timber. 


The eoefRjeieuts of elasticity for steel and wrought iron, for different 
grades of 'those materials, are remarkably constant 5 but for different grades 
of cast iron the coefficients range from about 10,000,000 to 30 , 000,000 pounds 
per square inch. Naturally the coefficient has not the same value for the 
different kdnds of wood; for the principal woods it ranges from 1 , 600,000 
(fox spruce) to 2,100,000 (for white oak). 

Formula 17 can be put in a form more oonTenient for use, as 
follows : 

Let P denote the force producing the deformation; A the 
area of the cross-section of the piece on which P acts ; 2 the length 
of -the piece ; and D the deformation (elongation or shorteninj^. 
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Then 


S = P -5- A (see equation 1), 
and s — T> -i- I (see equation 2). 

Hence, substituting these values in equation 17, we have 


E = 


AD’ 


or D == 


Bl 

AE 


( 17 ') 


The first of these two equations is used for computing the value of 
the coefficient of elasticity from measurements of a “ test,” and 
the second for computing the elongation or shortening of a given 
rod or bar for which the coefficient is known. 

Examples. 1. It is required to compute the coefficient of 
elasticity of the material the record of a test of which is given on 
page 9. 

Since the unit-stress 8 and unit-elongation s are already 
computed in that table, we can use equation 17 instead of the first 
of equations 17'. The elastic limit being between 40,000 and 
46,000 pounds per square inch, we may use any value of the 
unit-stress less than that, and the corresponding unit-elongation. 

Thus, with the first values given. 


E = 


5,000 

0.00017 


29,400,000. 


With the second. 


10,000 

“ 0.00085 


28,600,000. 


This lack of constancy in the value of 'E as computed from different 
loads in a test of a given material, is in part due to errors in measuring the 
deformation, a measurement difficult to make. The value of the cocfficiont 
adopted from such a test, is the average of all the values of E "which can he 
computed from the record. 

2. How much will a pull of 6,000 pounds stretch a round 
steel rod 10 feet long and 1 inch in diameter ? 

We use the second of the two formulas 17'. Since A = 
0.7854 X 1® = 0.7854 square inches, I = 120 inches, and E r:=t; 
30,000,000 pounds per square inch, the stretch is: 

^ 6,000 X 120 - . . 

^ 0.7864 X 30,000.000 
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EXAMPLES FOR PRACTICE. 

1. "VVIiat is the coefficient of elasticity of a material if a pull 
of -20,000 pounds will stretch a rod 1 inch in diameter and 4 feet 
long 0.045 inch ? 

Ans. 27,000,000 pounds per square inch. 

2. How much will a pull of 15,000 pounds elongate a round 
cast-iron rod 10 feet long and 1 inch in diameter ? 

Ans. 0.152 inch. 

9 <S. Temperature Stresses. In the case of most materials, 
when a bar or rod is heated, it lengthens; and when cooled, it 
shortens if it is free to do so. The coefficient of linear expansion 
of a material is the ratio which the elongation caused in a rod or 
bar of the material by a change of one degree in temperature bears 
to the length of the rod or bar. Its values for Fahrenheit degrees 
are about as follows: 


For Steel, 0 , 0000065 . 

For Wto-ugM iron, . 0000067 . 
For Cast iron, . 0000062 . 


Let K be used to denote this coefficient; t a change of tem¬ 
perature, in degi’ees Fahrenheit; 1 the length of a rod or bar; 
and D the change in length due to the change of tempei-atux’e. 
Then 


D = IC L 


(I8) 


D and I are expressed in the same unit. 

If a rod or bar is confined or restrained so that it cannot 
change its length when it is heated or cooled, then any change in 
its temperature ])roduces a stress in thei’od; such are called tem¬ 
perature stresses. 

Examples. 1. A steel rod connects two solid walls and is 
screwed up so that the unit-stress in it is 10,000 pounds per 
square inch. Its temperature falls 10 degrees, and it is observed 
that the walls have not been drawn together. "What is the temper¬ 
ature stress produced by the change of temperature, and what is 
the actual unit-stress in the rod at the new temperature ? 

Let I denote the length of the rod. Then the change in 
length which would occur if the rod were free, is given by formula 
18, above, thus: 


r> = 0.0000066 X 10 X ? = 0.000066 1. 
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Now, since tlie rod could not shorten, it has a greater than normal 
length at the new temperature; that is, the fall in temperature hae 
produced an effect equivalent to an elongation in the rod amount¬ 
ing to D, and hence a tensile stress. This tensile stress can he 
computed fi*om the elongation D by means of formula 17. Thus, 

S = E s; 


and since s, the unit-elongation, equals 


D .0000065 I 

~r ~ I 


.0000085, 


8 = 30,000,000 X .0000063 = 105.0 pounds per sqtiare inch. 
This is the value of the temperature stress; and the new unit, 
stress equals 

10,000 -f 195.0 == 10,195 pounds per square inch. 

Notice that the unit tenai^iorature stresses are independent of the length 
of the rod and the area of its cross-section. 

2. Suppose that the change of tempei*atui’e in the jjreceding 
example is a rise instead of a fall. What are the values of the 
temperature stress due to the change, and of the new unit-stress in 
the rod ? 


The temperatiire stress is the same as in example 1, that is, 
1,950 pounds per square inch ; but the rise in temperature 
releases, as it were, the stress in the rod due to its being screwed 
up, and the final unit stress is 

1D,000 — 1,950 — 8,050 pounds per scpiare inch. 


EXArtPLE FOR PRACTICE. 

1 . The ends of a wrought-irou rod 1 -inch in diameter are 
fastened to two heavy bodies which aj’e to be drawn together, the 
temperature of the I’od being 200 degrees when fastened to the ob¬ 
jects. A fall of 120 degrees is observed not to move them. 
What is the temperature stress, and what is the pull exertt*d by 
the rod on each object ? 

. ( Temperature stress, 22,000 pounds per square inch, 

i Pnllf 17,280 pofnd.. 

97 . Deflection of Beams. Sometimes it is desirable to know 
how much a given beam will deflect under a given load, or to design 
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a beam wbicb will not deflect more than a certain amount under a 
given load. In Table B, page 56, Fart I, are given formulas for 
deflection in certain cases of beams and different kinds of loading. 

In those if ormulas, d denotes deflection; I the moment of inertia of the 
cross-section of the beam with respect to the neutral axis^ as in equation 6; 
and E the eoefSeient of elasticity of the material of the beam (for values, see 
Art. 95). 

J B each case, the load should be expressed in pounds, the length in 
inches, and the moment of inertia in biquadratic inches; then the deflection 
will be in inches. 

According to the formulas for <1, the deflection of a beam 
varies inversely as the coefficient of its material (E) and tbe mo¬ 
ment of inertia of its cross-section (I) ; also, in the first four and 
last two cases of the table, the deflection varies directly as the cube 
of tbe length (/*j. 

Eoenncple. What deflection is caused by a uniform load of 
(1,400 pounds (including weight of the beam) in a wooden beam 
on end supports,' which is 12 feet long and 6 X 12 inches in 
cross-section ? (This is the sa*fe load for the beam ; see example 
1, Art- 66 .) 

The formula for this case (see Table B, page 65) is 

^ 6 W?* 

■ " “ 384 El • 

Her© W = 6,400 pounds ; I = 144 inches ; E == 1,800,000 
pounds per sqxiare inch ; and 

I = ^ la* = 6 X 12»= 864 inches*. 


Hence the deflection is 


, 5 X 6,4Q0 X 144‘ 

~ 384 X 1,800,000 X 864 “ 


0.10 inch. 


EXAMPLES FOR PRACTICE. 

1. Compute the deflection of a timber built-iu cantilever 
8x8 inches which projects 8 feet from the wall and hears an 
end load of 900 pounds. (This is the safe load for the cantilever, 
see example 1, Art. 66 .) 

Ans. 0.43 inch. 

S. Compute the deflection caused by a uniform load of 40,000 
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pounds on a 42-pound 16-incli steel I-beam wbieb is 16 feet long 
and rests on end supports. 

Ans. 0.28 inch, 

98 . Twist of Shafts. Let Fig. 67 represent a portion of a 
shaft, and suppose that the part represented lies wholly between 




Fisr- 57. 


two adjacent pulleys on a shaft to which twisting forces are applied 
(see Fig. 64). Imagine two radii 'into and nh in the ends of the 
portion, they being parallel as shown when tiie shaft is not twisted. 
After the shaft is twisted they will not be parallel, ma haying 
moved to ma’, and 7th to nh'. The angle between the two lines in 
their twisted positions and nh') is called the angle of twist, 

or angle of torsion, for the length 1, If u'ct" is parallel to ci, then 
the angle a''nl/ equals the angle of torsion. 

If the stresses in the portion of the shaft considei’ed do not 
exceed the elastic limit, and if the twisting moment is the same 
for all sections of the portion, then the angle of torsion a (in 
degi*ees) can be computed from the following: 

For solid circular shafts, 


684 Tl 30,800,000 II? 

^ ~ E‘ </•* ~ F trn 
For hollow circular shafts, 

^ _ 684 TIM 36,800,000 IB 
~ F (d* - d,*) ~~ E' (d* - d,*) n 




(* 9 ) 


Here T, Z, c?, H, and n have the same meanings as in Arts. 93 
and 94, and should be expressed in the units there used. The 
letter E* stands for a quantity called coefficient of elasticity for 
she 2 ir; it is analogous to the coefficient of elasticity for tension and 
conapression (E), Art. 96. The values'of E‘for a few materials 
average about as follows (roughly E‘ == |. E): 
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For Steel, 11,000,000 pounds per square inch.. 

For Wrought iron, 10,000,000 “ “ “ “ 

For Oast iron, 6,000,000 “ “ “ “ 

Eooa/m/pZe. W hat is tlie value of the angle of torsion of a 
steel shaft 60 feet long when transmitting 6,000 horse-power at 
60 revolutions per minute, if the shaft is hollow and its outer and 
inner diamet^s are 16 and 8 inches respectively ? 

Here Z = 720 inches; hence, substituting in the appropriate 
formula (19), we find that 


36,800,000 X 6,000 x I'SO 
11,000,000 X (16* - 8*) 60 


== 4.7 degrees. 


EXAMPLE FOR PRACTICE. 

Suppose that the first two pulleys in Fig. 64 are 12 feet 
apart; that the diameter of the shaft is 2 inches; and that P, — 400 
pounds, and = 16 inches. If the shaft is of wrought iron, 
what is the value of the angle of torsion for the portion between 
the first two pulleys ? 

Ans. 3.16 degrees. 

99. Non-elastic Deformation. The preceding formulas for 
elongation, deflection, and twist hold only so long as the greatest 
unit-stress does not exceed the elastic limit. There is no theory, 
and no formula, for non-elastic deformations, those corresponding 
to stresses which exceed the elastic limit. It is well known, how¬ 
ever, that non-elastic deformations are not proportional to the 
forces producing them, but increase much faster than the loads. 
The value of the ultimate elongation of a rod or bar (that is, the 
amount of elongation at rupture), is quite well known for many 
materials. This elongation, for eight-inch specimens of various 
materials (see Art. 16), is ; 

For Oast iron, about 1 per cent. 

For Wrought iron (plates), 12 —16 per cent. 

For “ “ (bars), 20 - 25 “ ** . 

For Structural steel, 22 - 26 “ “ . 

Specimens of ductile materials (such as wrought iron and 
structural steel), when pulled to destruction, neck down, that is, 
diminish very considerably in cross-section at some place along 
the length of the specimen. The decrease in cross-sectional area 
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is knowB as reduction of area, and its value for wrought iron and 
steel may be as much as 60 per cent. 


RIVETED JOINTS. 

loo. Kinds of Joints. A lap joint is on© in which the 
plates or bars joined overlap each other, as in Fig. 58, A butt 
joint is on© in which the plates or bars that are joined butt against 
each other, as in Fig. 68, J. The thin side places on butt joints 



Pig. 58. 


are called cover-plates; the thickness of each is always made not 
less than one-half the thickness of the main plates, that is, the 
plates or bars that are joined. Sometimes butt joints are made 
with only one cover-plate; in such a case the thickness of the 
cover-plate is made not less tiiau that of the main plate. 

"When wide bars or plates are riveted together, the rivets are 
placed in rows, always parallel to the “ seam ” and sometimes also 
perpendicular to the seam; but when we sjieak of a row of rivets, 
w© mean a row parallel to the seam. A lap joint with a siiiglo 
row of rivets is said to l>e single-riveted ; and one with two rows 
of rivets is said to be double-riveted. A butt joint with two rows 
of rivets (one on each side of the joint) is called single-riveted,” 
and on© with four rows (two on each side) is said to be “ double- 
riveted.” 

The distance between the centers of consecutive holes in a 
row of rivets is called pitch. 

loi. Shearing Strength, or Shearing Value, of a Rivet. 

When a lap joint is subjected to tension (that is, when P, Fig. 58, 
a, is a pull), and when the joint is subjected to compression (when 
P is a push), there is a tendency to cut or shear each rivet along 
the surface between the two plates. In butt joints with two cover- 
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plates, there is a tendency to cut or shear each rivet on two sur¬ 
faces (see Fig. 58, i). Therefore the rivets in the lap joint are 
said to be in single shear ; and those in the butt joint (two covers) 
are said to be in double shear. 

The “ shearing value ” of a rivet means the resistance which 
it can safely offer to forces tending to shear it on its cross-section. 
This value depends on the area of the oross-seetion and on the work¬ 
ing strength of the material. Let iJ denote the diameter of the 
cross-section, and S, the shearing working strength. Then, since 
the area of the ci'oss-sect ion equals 0.7854 the shearing strength 
of one rivet is : 

For single shear, 0.785t d? S. . 

For double shear, l-StOS <S? S, . 

102. Bearing Strength, or Bearing Value, of a Plate. When 
a joint is subjected to tension or compression, each rivet presses 
against a part of the sides of the holes through which it passes. 
By “ bearing value ” of a plate (in this co.inection) is meant the 
pressure, exerted by a rivet against the side of a hole in the plate, 
which &e plate can safely stand. This value depends on the 
thickness of the plate, on the diameter of the rivet, and on the 
compressive working strength of the plate. Exactly how it 
depends on these three qualities is not known; but the bearing 
value is ali^'ays computed from the expression t d S„, wherein t 
denotes the thickness of the plate; d, the diameter of the rivet or 
hole; and S,,, the working strength of the plate. 

103. Frictional Strength of a Joint. When a joint is sub¬ 
jected to tension or compression, there is a tendency to slipjiage 
between the faces of the plates of the joint. This tendency is 
overcome wholly or in part by frictional resistance between the 
plates. The frictional resistance in a well-made joint may be 
very large, for rivets are put into a joint hot, and are headed or 
capped before being cooled. In cooling they contract, drawing the 
plates of the joint tightly against each other, and producing a 
great pressure between them, which gives the joint a coi'respond- 
ingly large frictional strength. It is the opinion of some that 
all well-made joints perform their service by means of their 
frictional strength; that is to say, the rivets act only by pressing 
the plates together And are not under shearing stress, nor 
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ar© the plates uader compression at the sides of their holes. The 
“ frictional strength ” of a joint, however, is usually regarded as 
uncertain, and generally no allowance is made for friction in com¬ 
putations on the strength of riveted joints. 

104. Tensile and Compressive Streng^th of Riveted Plates. 
The holes punched or drilled in a plate or bar weaken its tensile 
strength, and to compute that strength it is necessary to allow for 
the holes. By net section, in this connection, is meant the small¬ 
est cross-section of the plate or bar ; this is always a section along 
a line of rivet holes. 

If, as in the foregoing article, t denotes the thickness of the 
plates joined ; ^7, the diameter of the holes; the number of riv¬ 
ets in a row; and the width of the plate or bar; then the net 
section = — ?( /?) t. 

I^et S, denote the tensile working strength of the plate ; then 
the strength of the un riveted plate is and the reduced tensile 
strength is {tv — t S*. 

The compressive strength of a plate is also lessened by the 
presence of holes ; but when they are again filled up, as in a joint, 
the metal is replaced, as it were, and the compressive strength of 
the plate is restored, l^’o allowance is therefore made for holes in 
figuring the compressive strength of a plate. 

* 105. Computation of the Strength of a Joint. The strength 

of a joint is determined by either (1) the shearing value of the 
rivets ; (2) the bearing value of the plate; or (3) the tensile 
strength of the riveted plate if the joint is in tension. Let Pj, de¬ 
note the strength of the joint as compirted from the shearing 
values of the rivets ; that computed from the bearing value of 
the plates ; and P^, the tensile strength of the riveted plates. 
Then, as before explained, 

Pt= {w - \ 

0.7854 c7*S,; and t (3*0) 

Po= ; ) 

«.jj denoting the total number of rivets in the joint; and denot¬ 
ing the total number of rivets in a lap joint, and one-half the 
nnmber of rivets in a butt joint. 

1. Two half-inch plates 7^ inches wide are con- 
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nected by a single lap joint donble-riveted, six rivets in two rows. 
If the diameter of the rivets is J inch, and the working strengths 
are as follows : St= 12,000, S.== 7,500, and S^= 15,000 pounds 
per square inch, what is the safe tension which the joint can 
transmit ? 

Here 3, n^= 6 , and 6 ; hence 
Pt= (7-^ - 3 X ~) X X 12,000 = 31,600 pounds; 

6 X 0.7854 X (-^)* X 7,600 = 19,880 pounds ; 

P^=Gx-^X-^X 16,000 = 33,760 pounds. 

Since P, is the least of these three values, the strength of the 
joint depends on the shearing value of its rivets, and it equals 
19,880 pounds. 

2. Suppose that the plates described in the preceding example 
are joined by means of a butt joint (two cover-plates), and 12 
rivets are used, being spaced as before. What is the safe tension 
which the joint can bear % 

Here = 3, = 12, and = 6 ; hence, as in the preced¬ 

ing example, 

Pj = 31,600; and P^, = 33,750 pounds; but 

P 3 = 12 X 0.7864 X X 7,500 = 39,760 pounds. 

The strength equals 31,600 pounds, and the joint is stronger than 
the first. 

3. Suppose that in the preceding example the rivets are 
arranged in rows of two. Wliat is the tensile strength of the 
joint ? 

Here — 2 ,'»ia = 12 , and ^3 = 6 ; hence, as in the preeed- 
ing example, 

P 3 = 39,760; and P^ = 33,750 pounds; but 

Pt= ^ = 86,000 pounds. 

The strength equals 33,760 pounds, and this joint is stronger than 
either of the first two. 
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EXAMPLES FOR PRACTICE. 

Note. Use working strengths as in example 1, above. 

St = 12,000, S» = 7,500, and Sc = 15,000 pounds pep square inch. 

1. Two half-inolx plates 5 incEes wide are connected by a 
lap joint, with two £-inch rivets in a row. AVbat is the safe 
strength of the joint ? 

Ans. C,026 pounds. 

2. Solve the preceding example supposing that fonr £-inch 
rivets are used, in two rows. 

Ans. 13,250 pounds. 

3. Solve example 1 supposing that three 1-ineh rivets are 
used, placed in a row lengthwise of the joint. 

Ans. 17,670 pounds. 

4. Two half-inch plates 0 inches wide are connected by a 
butt joint (two cover-plates), and four ^-^^ch rivets are used, in 
two rows. "What is the strength of the joint ? 

Ans. 11,260 pounds. 

io6. Efficiency of a Joint. The ratio of the strength of a 
joint to that of the solid plate is called the “ efficiency of the 
joint.” If ultimate sti’engths are used in computing the ratio, 
then the efficiency is called ultimate efficiency; and if working 
strengths are used, then it is called working efficientgr. In the 
following, we refer to the latter. An efficiency is sometimes ex¬ 
pressed as a per cent. To express it thus, multiply the ratio 
mti'enytk oj^joint -h strength sotid jplate, by 100. 

Example. It is required to compute the efficiencies of the 
joints described in the examples woi’ked out in the preceding article. 

In each case the plate is ^ inch thick and 7-| inches wide; 
hence the tensile working strength of the solid plate is 

7-^ X X 12,000 = 45.000 pounds. 

tCi iCi 

Therefore the efficiencies of the joints are : 

= 0.70, or 70 per cent; 
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STATICS. 


This subject, called Statics, is a branch of Mechanics. It 
deals with principles relating especially to forces which act upon 
bodies at rest, and with their useful applications. 

There are two quite different methods of carrying on the 
discussions and computations. In one, the quantities under con¬ 
sideration are represented by lines and the discussion is wholly by 
means of geometrical figures, and computations are carried out by 
means of figures drawn to scale; this is called the grapMoal 
method. In the other, the quantities under consideration are 
represented by symbols as in ordinary Algebra and Arithmetic, 
and the discussions and computations are carried on by the methods 
of those branches and Trigonometry; this is called the algebraic 
method. In this paper, both methods are employed, and generally, 
in a given case, the more suitable of the two. 

I. PRELIMINARY. 

I. Force. The student, no doubt, has a reasonably clear idea as 
to what is meant by force, yet it may be well to repeat here a few 
definitions relative to it. By force is meant simply a ggush or 
•puTL. Every force has magnitude, and to express the magnitude 
of a given force we state how many times greater it is than some 
standard force. Convenient standards are those of weight and 
these are almost always used in this connection. Thus when we 
speak of a force of 100 pounds we mean a force equal to the 
weight of 100 pounds. 

"We say that a force has direction, and we mean by this the 
direction in which the force would move the body upon which it 
acts if it acted alone. Thus, Fig. 1 represents a body being 
pulled to the right by means of a cord; the direction of the force 
exerted upon the body is horizontal and to the right. The direc¬ 
tion may be indicated by any line drawn in the figure parallel to 
the cord with an arrow on it pointing to the right. 

We say also that a force has a place of application, and we 
mean by that the part or place on the body to which the force is 
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applied. When the])lac*e of application is small so that it maj he 
regarded aa a point, it is called the ‘‘point of ajtplication.” Thxis 
the place of applieation of the pressure (push or force) which a 
locomotive wheel exerts on the rail is the part of the surface of 
the ?ail in contact with the wheel. For practically all purposes 
this pressure may he considered as applied at a point (the center 
of the surface of contact), and it is called the point of applieation 
of the force exerted by the wheel on the rail. 

A force which has a point of application is said to have a line 
of action, an-d by this term is meant the line through the point of 
application of the force parallel to its direction. Thus, in the 
Fig. 1, the line of action of the force exerted on the body is 
the line representing the string. Notice elearly the distinction 

between the direction and line of action 
of the force; the direction of ^the force in 
the Illustration cotild be represented by 
• any horizontal line in the figure with an 
arrowhead upon it pointing toward the 
right, but the line of action can be rep¬ 
resented only by the line representing the string, indelinite. as to 
length, but definite in position. 

That part of the direction of a force which is indicated by 
means of the ari'owliead on a line is called the sense of the force 
Thus the sense of the force of the preceding illustration is toward 
the right and not toward the left. 

2 . Specification and Graphic Representation of a Force. 
For the purposes of statics, a force is completely specified or 
described if its 

(1) magnitude, (2) line of action, and (B) sense are known 
or given. 

These three elements of a force can be represented graphically, 
that is by a drawing. Thus, as already explained, the straight line 
(Fig. 1) represents the line of action of the force exerted upon the 
body; an arrowhead placed on the line pointing toward the right 
gives the sense of the force; and a definite length marked ofE on the 
line represents to some scale the magnitude of the force. For ex¬ 
ample, if the magnitiide is 50 pounds, then to a scale of 100 pounds 
to the inch, one-half of an inch represents the magnitude of the force.- 



Fig. 1. 
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It is often convenient, especially wlxen many forces are con- 
cerned in a single problem, to use two lines instead of one to 
represent a force—one to represent the magnitude and one the 
line of action, the arrowhead being placed on either. Tims Fig. 2 
also represents the force of the preceding example, AB (one-half 
inch long) representing the magnitude of the force and ah its lino 
of action. The line AB might have been drawn anywhere in the 
figure, but its length is definite, being fixed by the scale. 

The part of a drawing in which the^ body upon which forces 

act is represented, and in 
which the lines of action of the 
forces are drawn, is called the 
space diagram (Fig. 2a). 
If the body were drawn to 
scale, the scale would be a cer¬ 
tain number of inches or feet 



ScdJeslln. = toolb^ 




Fig. 2. 


to the inch. The part of a drawing in which the force magnitudes 
are laid off (Fig. 2h) is called by various names; let us call it the 
force diagram. The scale of a force diagram is alw^ays a certain 
number of pounds or tons to the inch. 

3 . Notation. "When forces are represented in two separate 
diagrams, it is convenient to use a special notation, namely: a 
capital letter at each end of the line representing the magnitude 
of the force, and the same small letters on opposite sides of the 
lino representing the action line of the force (see Fig. 2). "When 
wo wish to refer to a force, we shall state the capital letters used 
in the notation of that force; thus “force AB” means the force 
whose magnitude, action line, and sens© are represented by the 
lines AB and ah. 

In the algebraic woi-k we* shall usually denote a force by the 
letter F. 


4. Scales. In this subject, scales will always be expressed 
in feet or pounds to an inch, or thus, 1 inch = 10 feet, 1 inch = 
100 pounds, etc. The number of feet or pounds represented by. 
one inch on the drawing is called.the scale numher. 

To jiml the lemjth of the line to represent a certain, distance 
or foTce^ divide the distance or force hy the scale n/uanher/ the 
quotient is the length to he laid off in, the drawing. To fn^ the 
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magnitade of a distance or a force represented hg a certain line 
in a dratoing, 'tnultiply the length of the line hy the scale 
her; tJve product is the magnitude of the distance or force, as the 
case may he. 

The scale to be used in making drawings depends, of course, 
upon how large the drawing is to be, and upon the size of the 
quantities which must be represented. In any case, it is con- 
Tenient to select the scale number so that the quotients obtained 
by dividing the quantities to be represented may be easily laid off 
by means of the divided scale which is at hand. 

Examples. 1. If one has a scale divided into 32nds, what 
i^s the convenient scale for representing 40 pounds, 32 pounds, 60 
pounds, and 70 pounds ? 

According to the scale, 1 inch = 32 pounds, the lengths 
representing the forces are respectively : 


32 — 32 — 82 





inches. 


Since all of these distances can be easily laid off by means of the 
“ sixteenths scale,” 1 inch — 32 pounds is convenient. 

2. "What are the forces represented by three lines, 1.20, 2.11, 
and 0.75 inches long, the scale being 1 inch = 200 pounds ? 

According to the rule given in the foregoing, we multiply 
each of the leng'hs by 200, thus : 

1.20 X 200 = 240 pounds. 

2.11 X 200 = 422 pounds. 

0.75 X 200 = 150 pounds. 


EXAMPLES FOR PRACTICE. 

1. To a scale of 1 inch = 600 pounds, how long are the 
lines to represent forces of 1,250, 675, and 900 pounds 2 

Aus. 2.5,1.35, and 1.8 inches 

2. To a scale of 1 inch = 80 pounds, how large are tin* 
forces represented by 1^ and 1.6 inches 2 

Ans. 100 and 128 pounds. 

5 . Concurrent and Non-concurrent Forces. If the Iiru*.s of 
action of several forces intersect in a point they are called concur¬ 
rent forces, or a concurrent system, and the point of intersection 
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is 3 called t'ko^oint of concin'i^ence of the foi-ces. If the lines of 
action of several forces do not intei-sect in the same point, they are 
called non-concnrreutj or a non-concurrent system. 

"We shall deal only withfoi'ces whose lines of action lie in the 
same plane. It is true that one meets with problems in which 
there are forces whose lines of action do not lie in a plane, but 
such problems can usually be solved by means of the principles 
hei'ein explained. 

6. Equilibrium and Equilibrant. When a number of forces 
act upon a body which is at rest, each tends to move it; but the 
effects of all the forces acting upon that body may counteract or 
neutralize one another, and the forces are said to be 'balanced or in 
e(p.iilibrint». • Any one of the forces of a system in eqtiilibrium 
balances all the others. A single force which balances a number 
of forces is called the eqitilibrant of those forces. 

7. Resultant and Composition. Any force which would pro¬ 
duce the same effect (so far as balancing other forces is concerned) as 
that of any system, is called the renultant of that system. Evidently 
the resultant and the equilibrant of a system of forces must be 
equal in magnitude, opposite in sense, and act along the same line. 

The process of determining the resultant of a system of forces 
is called composition. 

8. Components and Resolution. Any number of forces 
whoso combined effect is the same as that of a single force are 
called oomjjonents of that force. The process of determining the 
components of a force is called Tesolutlon. The most important 
case of this is the resolution of a force into two components. 

II. CONCURRENT FORCES; COMPOSITION AND RESOLUTION. 

9. Graphical Composition of Two Concurrent Forces. If 

two forces are rejpresenteil in 'magnitude and direction by A.B 
and BO {Big. 5), the ‘magnitvde atvd direction of their resultant 
is represented by AG. This is known as the “ triangle law.” 

The li/ne of action of the resultant’is'parallel to AG and 
■passes through the poimt of eoncurrence of the two given forces-, 
thus the line of action of the resultant is ac. 

The law <jan be proved experimentally hy means of two spring 
balances, a drawing board, and a few cords arranged as ebown in 
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Fiff. 4. The drawing board (not shown) is set up vertically, then 
from two nails in it the spring balances are hung, and these in 
turn support by means of two cords a small ring A from which a 
heavy body (not shown) is suspended. The ring A is in equilibrium 
under the action of tliree forces, a downward force equal to the 



Pig. 3. 


weight of the suspended body, and two forces exerted by the upper 
cords whose values or magnitudes can be read from the spring 
balances. The first force is the equilibrant of the other two. 
Knowing the weight of the suspended body and the readings of 
the balances, lay off AB equal to the pull of the right-hand upper 
string according to some convenient scale, and BO parallel to the 



c 



left-hand upper string and equal to tho force exerted by it. It 
will then be found that the line joining A and O is vertical, and 
equals (hy scale) the weight of the suspended body. Hence AG, 
with arrowhead pointing down, represents the equilibrant of the 
two upward pulls on the ringj an<l with arrowhead pointing up, it 
represents the resultant of those two forces. 



STxVTICS 


9 


Notice .especially how tlie arro%Yheads are related in tlie tri¬ 
angle (Fig- 3)3 and be certain that you understand this lav. before 
proceeding far, as it is the basis of most of this subject. 

^xam‘ 2 >Zcs, Fig. 5 represents a board 3 feet square to which 


foi*ces are applied as shown. It 
is required to compound or find 
the resultant of the 100 - and 80- 
pound forces. 

First we make a drawing of 
the board and mark upon it the 
lines of action of the two forces 
whose resultant is to he found, as 
in Fig. G. Then by some conven¬ 
ient scale, as 100 pounds to the 
inch, lay oflc from any convenient 
point A, a line AJ3 in the direc¬ 
tion of the 100 -poxind force, and 
senting 100 pounds by the scale, 
in the direction of the second fo 



make AB one inch long, repre- 
Then from B lay off a line BO 
ce and make BC, 0.8 of an inch 



Fig. a 


long,, representing 80 pounds by the scale. Then the line AC, with 
the arrow pointing from* yh to 6 ', represents the magnitude and 
direction of the resultant. Siiic'e AO equals 1.00 inch, tlie result¬ 
ant equals 

1.00 X 100 ^ 106 pounds. 

The line of action of the resultant is clc^ parallel to AO and pass¬ 
ing through the intersection of the lines of action (the point of 
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coticuiTeuce) of the given forces. To complete the notation, we 
mark these lijies of action tih and I>o as in the figure. 


EXAMPLES FOR PRACTICE. 


1. Determine the resultant of the 100- and the 130-pound 
forces represented in Fig. 5. 

r The magnitude is 194 pounds; the force 
Ans. ) acta upward, through A and a point 1.62 
( feet to the right of D. 

2. Determine the resultant of the 120- and the 160-pound 
forces represented in Fig. 5. 

f The magnitude is 200 pounds; the force 
Ans. < acta upward through A and a point 9 
( inches below C. 


lo. Algebraic Composition of Two Concurrent Forces. If 

the auficle between the lines of action of the two forces is not 90 

degi’ees, the algebraic method is 
Q not simple, and the graphical is 
usually preferable. If the angle 
I is 90 degrees, the algebraic mctli- 
B od is usually the shorter, and this 
is the only case herein explained. 

Let Fi and F 2 be two forces 
acting through some point of a 
body as represented in Fig. '7a. xVB and BO represent the magni¬ 
tudes and direction of Fj and F 2 respectively; then, according to 
the triangle law (Art. 9), AO represents the magnitude and direc¬ 
tion of the resultant of F^ and Fo, and the line marked II ('parallel 
to AO) is the line of action of that resxiltant. Since ABO is !i 
right triangle. 



(to) 


Fig. 7. 


(AOf = (ABj= +(BO)l 


and, 


tan OAB = 


BO 

AB’ 


*** Use sheets of paper not smaller than large letter size, and devote a full, 
sheet to each example. In reading the answers to those examples, remember 
that the board on which the forces act was stated to be 3 feet square. 
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IS'ow let R denote the resultant. Since AC, AB, and BC 
represent and Fg respectively, and angle CAB = a;, 

B* = Fj^ + F/; or R = 1 F^^ F^^; 

and, * tan = Fj F^. 

By the help of these two equations we compute the magni¬ 
tude of the resultant and inclination of its line of action to the 
force Fj. 

ICxiiiiiple. It is required to determine the resultant of the 
120- and the 100-ponnd forces represented in Fig. 5. 

Let us call the lOO-pound force F^; then, 

R = i/nw + 120’* = 1 ^25;60(r+n;ioo' 

= 40,000 = 200 pounds; 

120 

and, tan .r ~ hence x — 36'^ 62'. 

The resultant therefore is 200 pounds in magnitude, acts through 
A (Fig. 6) upward and to the right, making an angle of 30^ 52' 
with the horizontal. 

EXAMPLES FOR PRACTICE. 

1. Determine the resultant of the 50- and 70-pound forces 
represented in Fig. 5. 

j R = 86 pounds; 

I angle between R and 70-pound force = 35° 32'. 

2. Determine the resultant of the 60- and 70-pound forces 
represented in Fig 5. 

^ j R = 02.2 pounds ; 

I angle between R and 70-pound force ==^ 40° 36'. 

II. Force Polygon. If lines representing the niaguitudea 
and directions of any number of forces be drawn continuous and 
so that the ari’owheads on the lines point the same way around on 
the_series of lines, the figure so formed is called ihe ^orce 2 >olygon 
for the forces. Thus ABOD (Fig. 8) is a force polygon for the 
80-, 90-, and lOO-pound forces of Fig. 5, for AB, BO, and CD-rep¬ 
resent the magnitudes and directions of those forces respectively, 
and the-arrowheads point in the same way around, from A to D- 
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A number of force polygons can be drawn for any system of 
forces, no two alike. Thus Aj Oj and A_, B^ I >2 are other 
force polygons for the same three forces, 80, 90, and 100 pounds. 
Notice that A„ B.j O,, is not a force polygon for the three forces 
although the lines represent the three forces in magnitude and 
direction. Tlie reason why it is not a force polygon is that the 
arrowheads do not all point the same way around. 



A force polygon is not necessarily a closed figure. If a force 
polygon closes for a system of concurrent forces, then evidently 
the resultant equals zero. 

EXAMPLE FOR PRACTICE. 

Draw to tho same scale as many different force polygons us 
you can for the 100-, 120- and 100-pound forces of Fig. 5. Bear 
in mind that the arrowheads on a force polygon point tho sanio 
way ai'ound. 

12. Composition of More Than Two Concurrent Forces. Tlio 
graphical is much the siiujfier method; therefore the algebraic one 
will not be explained. The following is a rule for performing th(i 
composition graphically: 

(1) . Draw a force polygon for the given forces. 

(2) . Join the two ends of the polygon and place an arrow¬ 
head on the joining line pointing from the beginning to the ond 
of the polygon. That line then represents tho magnitude and 
direction of the resultant. 

(3) . Draw a line throitgh the point of concnrrenee of the 
given foi'ces parallel to the line drawn as directed in (2). This lino 
represents the action line of the resultant. 

Sxnmjjle. It is required to determine the resultant of the 
four forces acting through the point E (Fig. C). 
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First, make a drawing of the board and indicate tbe Hnea of 
action of tbe forces as sliown in Fig. 9, but without lettering. 
Then to construct a force polygon, di*aw from "any convenient point 
A, a line in the direction of one of the forces (the TO-pound force), 
and make AI3 equal to 70 pounds according to the scale (70 
100 = 0.7 inchj. Then from JB draw a line in the direction of 
tho next force (80-pound), and make BO equal to 0.8 inch, rep¬ 
resen tmg SO pounds. Next draw a line from O in the direction 
of the third force (90-pound), and make CD equal to 0.9 inch, 
representing 90 pounds. Finally draw a lino from D in the direc¬ 
tion of the last force, and make BE equal to 0.0 inch, representing 
60 pounds. The force polygon is ABODE, beginning at A and 
ending at E. 

Tho second step is to connect A and E and place an arrow¬ 
head on the line pointing from A to E.. This represents the 


Boltes- ^Solbs,. 
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♦eolbs. 

Fig. 9. 
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magnitudo and direction of the resultant. Since AE = 1.16 
inches,, the resultant is a force of 

1.10 X 100 = 110 pounds. 

The third step is to draw a line ae through the point of con¬ 
currence and parallel to AE. This is the line of action of the 
resultant. (To complete the notation the lines of action of the 70-, 
80-, 90- and 60-pou-?i'd forces should he marked cd, and de 

respectively.) 

Tliat the rule for composition is correct can easily be proved. 
According to the triangle law, AO (Fig. 9), with arrowhead point¬ 
ing from A to O, represents the magnitude and direction of the 
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resultant of the 70- and 80-potind forces. According to the la\r, 
AD, with arrowhead pointing from A to D, represents the magni¬ 
tude and direction of the resultant of AC and the iiO-ponnd force, 
hence also of the 70-, SO-, and 90-pound forces. According to the 
law, AE with arrowhead pointing from A to E, represents the 
magnitude and direction of the resultant of AD and the CO-pound 
force. Thus we see that the foregoing rule and the triangle law 
lead to the same result, but the application of the rule is shorter as 
in it we do not need the lines AO and AD. 

EXAMPLES FOR PRACTICE. 

1. Determine the resultant of the four forces acting through 
the point A (Fig. 6). 

( 380 pounds acting upw’ard through A and a 
\ point 0.45 feet below O. 



2. Determine the resultant of the three forces acting at the 
point F (Fig. 6). 

( 155 pounds acting upward throngh F and a 
I point 0.57 feet to left of C. 

13. Graphical Resolution of Force into Two Concurrent 
Components. This is performed hy applying the triangle law 
inversely. Thus, if it is required to resolve the 100-pound force 
of Fig. 6 into two components, we draw first Fig. 10 (a) to show 
the line of action of the foj’ce, and then AD, Fig. 10 (b), to represent 
the magnitude and direction. Then draw from A and B any two 
lines which intersect, mark their -intersection C, and place arrow¬ 
heads on AO and CB, pointing from A to O and from O to B. Also 
draw two lines in the space diagram parallel to AO and CB and so 
that they intersect on the line of action of the 100-pound force, 
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, The test of the correctness of a solution like this is to take 
the t^vo components as found, and find their resultant; if the 
resultant thus found agrees in snagnitude, direction, and sense 
with the given force (originally resolved), the solution is correct. 

Notice that the solution above given is not definite, for the 
lines drawn from A. and JB were drawn at random. A force may 
therefore he resolved into two components in many ways- If, 
however, the components have to satisfy conditions, there may be 
but one solution. In the most important case of resolution, the 
lines of action of the components are given; this case is definite, 
there being but one solution, as is shown in the following example. 

Examjple. It is required to resolve the 100-pound force 
(Fig. 6) into two components acting in the lines AE and AB. 

Using the space diagraui of Fig. 10, draw a line AB in Fig. 
10 (c) to represent the magnitude and direction of the 100-pound 
force, and then a line from A parallel to the line of action of 
either of the components, and a line from B parallel to the other, 
thus locating!) (or U'). Then AD and DB (or AD'and D'B) I’epre- 
sent the magnitudes and directions of the required components. 

EXAMPLES FOR PRACTICE. 

1. Resolve the 160-pound force of Fig. 5 into components 
which act in AF and AE. 

f The first component equals 238-^ pounds, and its sense 

Ans. < is from A to F; the second component equals 119-J^ 
(, pounds, and its sense is from E to A. 

2. Resolve the 60-pound force of Fig. 5 into two compo¬ 
nents, acting in FA and FB. 

r The first component equals 37.3 pounds, and its sense 

Ana. -I is from A to F; the second component equals 47.0 
( jjounds, and its sense is from B to F. 

14. Algebraic Resolution of a Force Into Two Components. 
If the angle between the lines of action of the two components is 
not 90 degrees, the algebraic method is not simple and the 
graphical method is usually preferable. When the angle is 90 
degrees, the algebraic method is usually the shorter, and this is the 
only case herein explained. 

Let F (Fig. 11) be the force to be resolved into two compo- 
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nents acting in the lines OX and OY. IE AB is drawn to repre¬ 
sent the maa-nitnde and direction of F, and lines he drawn from 

O 

A and B parallel to OX and OT, thus locating 0, then AC and 
BC with arrowheads as shown represent the magnitudes and 
directions of the required components. 

Xow if F' and F" represent the components acting in OX 
and OY, and m and y denote the angles between F and F', and F 
and F" respectively, then AC and BC represent F' and F", and the 
angles BAG and ABC equal a? and y respectively. From the 
right triangle ABO it follow's that 

and, F’ F cos .r, and F" - - F cos y. 

If a force is resolved into two components whose lines of 

action are at right angles to 
each other, each is called a 
rectangular comjponent of 
that force. Thus F' and F" 
are rectangular components 
of F. 

The foregoing equations 
show that the rectangular 
eomj)O7i0nt <yf a J^orce along any line egtials the 2 '>ro<l-uct the 

force and the cosine of the angle between the fierce and the line. 
They show also tliat the, o'ectangulftr eo)n_ponent of a force along 
its own line of action equals the force., and its rectangular coin- 
ponent at right angles in the line of action equals zero. 

Examples. 1. A force of 120 pounds makes an angle of 
22 degrees with the horizontal. What is the value of its compo¬ 
nent along the horizontal 1 * 

Since cos 22’’ = 0.927, the value of the component equals 
120 X 0.927 -- 111.24 pounds. 

2. What is the value of the component of the 90-pound 
foi*ee of Fig. 5 along the vertical ? 

First W’e must find the value of the angle which the 90-ponnd 
force of Fig. 5 makes with the vertical. 

* When nothing' is stated heroin as to whether a component is rectan- 
gular or not, then rectangular component is meant. 
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O- T.W1 eg 

bince tail xLiAbr = = -j. 


ajifflo EAG = 20^ 34'. 


Heiiee the value of the desired component ecpials 

90 X cos 20= 34' = 90 X 0.8944 80.60 pounds. 

EXAMPLES FOR PRACTICE. 

1. Compute the hoiuzontal and vertical components of a 
force of 80 pounds whoso angle with the horizontal is GO degrees 

. j 40 pounds. 

I 09.28 pounds. 

2. Compute the horizontal and vertical components of the 
lOO-pound force in Fig. 5. IVhat are their senses ? 

( 89.44 pounds to the right. 
I 44.72 pounds upwards. 

3. Compute the component of the 70-pound force in Fig. 5 
along the line EA. "What is the sense of the component ? 

Ans. 31. 29 pounds ; E to A. 


Ans. 


III. CONCURRENT FORCES IN EQUILIBRIUM. 

15. Condition of Equilibrium Defined. By condition of 
equilibrium of a system of forces is meant a relation which they 
must fulfill in order that they may bo in eipiilibrium or a relation 
which they fulfill when they are in equilibrium. 

In order that any system may be in equilibrium, or be 
balanced, their equilibrant, and hence their resultant, must be 
zero, and this is a condition of equilibrium. If a system is known 
to be in equilibrium, then, since the forces balance among them¬ 
selves, their equilibrant and hence tlieir resultant also equals zero. 
This (the necessity of a zero resultant) is known as the general 
condition of equilibrium for it pertains to all kinds of force sys¬ 
tems. For special kinds of systems there are special conditions, 
some of which are explained in the following. 

16. Oraphical Condition of Equilibrium. 27ie grapJncal 
condition of eqailihHwn ” for a system of concurrent farces is 
tTiat tTie polygon for the forces must close. For if the polygon- 
closes, then the resultant equals zero as was pointed out in Art 11. 

By means of this condition we can solve problems relating to 
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concurrent forces wliieli are known to be in e^uilibriuiu. The 
most common and practically important of these is the following; 

The forces of a concurrent system in eq^uilibrium are all 
known except two, but the lines of action of these two are known; 
it is .required to determine their magnitudes and dii’ections. This 
problem arises again and again in the analysis of trusses ” (Arts. 
23 to 26) but will be illustrated first in sim})ler cases. 

JEmmple. 1. Fig. 12 represents a body resting on an in¬ 
clined plane being prevented from slipping down by a rope 
fastened to it as shown. It is required to determine the pull or 
tension on the rope and the pressure of the plane if the body 

weighs 120 pounds and the 
surface of the plane is per¬ 
fectly smooth.* 

There are three forces act- 
ing upon the body, namely, 
its weight directly down¬ 
wards, the pull of the rope 
and the reaction or pressure 
of the plane which, as ex 
plained in the footnote, is perpendicular to the plane. We now 
draw the polygon for these forces making it close; thus draw AB 
(1.2 inches long) to represent the magnitude and direction of the 
weight, 120 pounds, then from A a line parallel to either one of 
the other forces, from B a line parallel to the third, and mark the 
ijitersection of these two lines O; then ABOA is the polygon. Since 
the arrowhead on AB must point down and since the arrowheads 
in any force polygon must point the same way around, those on 
BO and OA must point as shown. 

Hence BO (0.6 inch, or 60 pounds) represerits the magnitude 
and direction of the pull of the rope and OA (1.04 inches, or 104 


\ 

\ 




^ By “ a perfectly smooth ” surface is meant one which oifors no resist¬ 
ance to the sliding of a body upon it. Strictly, there are no such surfaces, as 
all real surfaces exert more or less frictional resistance. But there are sur¬ 
faces which are practically perfectly smooth. We use perfectly smooth sur¬ 
faces in some of our illustrations and examxiles for the sake of simplicity, for 
wo thus avoid the force of friction, and the reaction or force exerted by such 
a surface on a body resting upon it is perpendicular to the surface. 
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pounds) represents the magnitude and direction of the pressure of 
the plane on the body. 

2. A body weighing 200 pounds is suspended from a small 
ring which is supported by means of two ropes as shown in Fig, 
1:1. It is required to determine the pulls on the two ropes. 

Thei’o are three forces acting on the ring, namely the down¬ 



ward force equal to the weight of the body and the pulls of the 
two ropes. Since the ring -is at rest, the three forces balance or 
are in equilibrium, and hence their force polygon must close. We 
proceed to draw the polygon and in making it 
close, w'e shall determine the values of the un¬ 
known pulls. Thus, fii'st draw AB (1 inch long) 
to repi’esont the magnitude and direction of the 
known force, 200 pounds; the arrowhead on it 
must point down. Then from A a line parallel 
to one of the ropes and from B a line parallel to 
the other and mark their intersection O. ABOA 
is the polygon for the three forces, and since in any force polygon 
the aiTows point the same way around, we place arrowheads on 
BO and CA as shown. Then BO and O A represent the magnitudes 
and directions of the pulls exerted on the ring by the right- and 
left-hand ropes respectively. 

BO =— 0.895 inches and represents 179 pounds. 

OA = 0.725 inches and represents 145 pounds. 

The directions of the pulls are evident in this case and the arrow¬ 
heads are superfluous, but they are mentioned to show how to 



Fig. 14. 
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place them and what they mean so that they may be used when 
necessary. To complete the notation, the rope at the right should 
be marked lo and the other ca, 

EXAilPLES FOR PRACTICE. 

1. Fig. 14 represents a body weighing 800 pounds sus¬ 
pended from a ring which is supported by two ropes as shown. 
Compute the pulls on the ropes. 

^ ( Pull in the horizontal rope = 400 pounds. 

’ ( Pull in the inclined rope = 894 pounds. 

2. ■ Suppose that in Fig. 13 the rope supporting the body on 
the plane is so fastened that it is horizontal. Determine the pull 
on the rope and the pressure on the plane if the inclination of the 
plane to the horizontal is 30 degrees and the body weighs 120 
pounds. 

j Pull == 68.7 pounds. 

” I Pressure = 138 pounds. 

3. A sphere weighing 400 pounds rests in a Y-shaped 
trough, the sides of which are inclined at 60 degrees u'ith the 
horizontal. Compute the pressures on the sphere. 

Ans. 400 pounds. 

17. Algebraic Conditions of Equilibrium. Imagine each 
one of the forces of a concurrent system in equilibrium replaced by 
its components along two lines at right angles to each other, 
horizontal and vertical for example, through the point of concur- 
rence. Evidently the system of components would also be in 
equilibrium. !Now since the components act along one of two 
lines (horizontal or vertical), all the components along each line 
must balance among themselves for if either set of components 
were not balanced, the body would be moved along that line. 
Hence we state that the conditions of equilibrium of a system of 
concurrent forces are that the resultants of the two seta of com¬ 
ponents of the forces along any two lines at right angles to each 
other must equal zero. 

If the components acting in the same direction along either of 
the two lines be given the plus sign and those acting in the other 
direction, the negative sign, then it follows from the foregoing 
that the condition of equilibrium for a concurrent system is that 
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the al<jehi‘ate sums of the eonijxithents of the fot'ces alu-iKj each oj 
two lines atriijht Ktnjles to each othec ‘jn ust equal zero. 

JE,i'itjii 2 >les. 1. It 13 required to determine tlie pull on the 
rope and the pressure on the plane in Example 1, Art. 10 (Fig. 12), 
it being giren that the inclination of the plane to the horizontal is 
30 degrees. 

Let us denote the pull of the rope by and the pressure of 
the plane by Fg. The angles which these forces make the horizon¬ 
tal are 80'' and 00 '’ respectively; heuce 

the horizontal component of Fj = Fj X cos 30’ = 0.80CO Fj, 

and “ “ “ “ Fa = Fg X cos 00’ = 0.5000 F,; 

also *' “ “ the weight = 0 . 

The angles which Fj and F 3 make with the vertical are 60’ and 
30’ I'espeetively, hence 

the vertical component of Fj = F^ X cos 00’ = 0.6000 Fj, 

and the vei'tieal component of Fa = Fa X cos 30° = 0.8660 Fo; 

also the vertical component of the weight = 120 . 

Since the three forces are in equilibrium, the horizontal and the 
vertical components are balanced, and hence 

0.860 Fi = 0.5 F, 

and 0.5 Fj + 0.806 Fj =“ 120 . 


From these two equations Fj and F 2 may be determined; thus 
from the first, 


F = 

•*•3 - 


0.866 

0-5 


Fi = 1.732 Fj. 


Substituting this value of F 2 in the second equation we have 

0.5 Fi + 0.800 X 1.732 Fj = 120, 
or 2 Fj = 120 ; 

hence, I’l = = 60 pounds, 

and Fa = 1-732 X 60 = 103.92 pounds. 

2. It is required to determine the pulls in the ropes of 
Fig. 13 by the algebraic method, it being given that the angles 
which the left- and right-hand ropes mahe with the ceiling are 
30 and 70 degrees respectively and &e body weighs 100 pounds. 



22 


STATICS 


Let us denote the pulls in the idglit- and left-hand ropes by 
and Fo respectively. Then 

the horizontal component of = F^ X cos 70" = 0.34:2 F^, 
the horizontal component of F^ == Fo X cos 30^ = 0.866 Fg, 
the horizontal component of the weight = 0, 
the yertical component of F^ = F^ X cos 20" == 0.0397 F^, 
the vertical component of Fo = F 2 X cos OO'" = 0.500 F 2 , 
and the vertical component of the weight = 100. 

How since these three forces are in eq^iiilibriiiin, the horizontal 
and the vertical components balance; hence 

0.342 Fi = 0.860 F. 

and 0.9397 F^ + 0.5 F,.=: 100. 


Ti 



Fig, 15. 


These ecpiationa may be solved for the unknown forces; thus from 
the first, 


0 . 866 ^, 


Substituting tbis value of P\ in the second eqxiation, wo get 
. 0.0397 X 2.C32 F, + 0.5 = 100, 

or, 2.88 F 2 = 100; 

hence F^ = ~ Si. 72 jwunds, 

and Fj •== 2.532 X 34.72 = 87.91 pounds. 


EXAflPUES FOR PRACTICE. 

1. Solve Ex. 1, Art. 16 algebraically. (First determine 
the angle which the inclined rope makes with the horizontal; you 
should find it to be 03“ 20'.) 
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2. Solve TCx. 2, Art, 10 algebraically. 

3. Solve Itlx. 3, Art. 10 algebraically. 

IV. ANALYSIS OF TRUSSES; “HETMOD OF JOINTS.” 

IS. Trusses. A tnifs ia a frame work used ja'incipally to 
support loads as iu roofs and bridges. Fig. 10, 2o, 26 and 27 
represent several forms of trusses, Tbe separate bars or rods, 12, 
2F, etc. (Fig, 10) are called juenibers of the truss and all the parts 
immediately concerned with the connection of a number of mem¬ 
bers at one place constitute ajo/iii. A “pin joint” shown in 
Fig. 15 (ff) and a “ riveted joint ” in 15 (^). 

19. Truss Loads. The loads which trusses sustain may be 
classified into fixed, or dead, and moving or live loads. A fixed, 
or dead load, is one whose place of ajiplication is fixed with refer¬ 
ence to the truss, while a moving or live load is one whose place 
of application moves about on the truss. 

Iloof ti'uss loads are usually fixed, and consist of the weight 
of the truss, roof covering, the snow, and the wind pressure, if any. 
Bridge truss loads are fixed and moving, the first consisting of the 
weights of the truss, the floor or track, the snow, and the wind press¬ 
ure, and the second of the weight of the passing trains or wagons. 

In this paper we shall deal only with trusses sustaining fixed 
loads, trusses sustaining moving loads being discussed later. 

Weight of Roof Trusses. Before we can design a truss, it is 
necessary to make an estimate of its own weight; the actual weight 
can be determined only after the truss is designed. There are a 
number* of formulas for computing the probable weight of a truss, 
all derived from the actual weights of existing trusses. If W 
denotes the weight of the truss, Z the span or distance between 
supports in feet and a the distance between adjacent trusses in feet, 
then for steel trusses 

■w=al (^ + 1 ); 

and the weight of a wooden truss is somewhat less. 

Roof Covering. The beams extending between adjacent 
trasses to support the roof are called On these there are 

sometimes placed lighter beams called rafters which in turn sup- 



34 


STATICS 


port roof hoards or “ sJteatJdng ” and tlie other covering. Soiae- 
times the purlins are spaced closely, no rafters being used. 

The following, are weights of roof materials in poundsp&r 
sqtiare foot of roof surface; 

Sheathing: Boards, 3 to 6. 

Shingling; Tin, 1; wood shingles, 3 to 3; iron, 1 to 3; slate, 

10; tiles, 12 to 25. 

Rafters: 1.6 to 3. 

Purlins; Wood, 1 to 3; iron, 2 to 4. 

Snow Loads. The weight of the snow load that jnay have 
to be borne depends, of course, on location. It is usually taken 
from 10 to 30 pounds per square foot of area covered by the roof. 

Wind Pressure. Wind pressure per square foot depends on 
the velocity of the wind and the inclination of the surface on 


3ooo 



which it blows to the direction of the wind. A horizontal wind 
blowing at 90 miles per hour produces a pressure of about 40 
pounds per square foot on a surface jier^jendicular to the wind, 
while on sui-faces inclined, the pressures are as follows: 

10'’ to the horizontal, 15 pounds jjer square foot, 
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The wind ^ireasure on an inoVmed surface is practically per- 
pendioular to the surface, 

20. Computation of “Apex Loads.*' The weight -of tho 
roof covering including rafters and purlins comes upon the 
trusses at the points where they support the purlins; likewise the 


STxVTirS 


25 


pressure due to -svind and snow. Soiiietiiiies all tlie jmrlins are 
sappoi-ted at joints; in sucli cases tLe loads mentioned net upon tlie 
truss at its.joints. However, the roof, snow, and wind loads are 
always assumed to be applied to the truss at the upper joints of 
the trusses. This assumption is equivalent to neglecting the bend¬ 
ing effect due to the pressure of those purlins which are not sup¬ 
ported at joints. This bending effect can be computed separately. 

The M'eight of the truss itself is assumed to come upon the 
truss at its upper joints; this, of course, is not exactly correct. 
Most of the weight does come upon the ujjper joints for the upper 
members are much heavier than the lower and the assumption is 
in most cases sirfliciently correct. 

Kpcauijilea. 1. It is required to compute the apex loads for 
the truss represented in Fig. 1C, it being of steel, the roof such 
that it weighs 15 pounds per square foot, and the distance between 
adjacent trusses ll feet. 

The span being 42 feet, the foinnula for weight of trusw 
(Art. 19) becomes 

14 X 42 (-^ -(- 1) = 1,675.84 pounds. 

The length 14 scales about 24^ feet, hence the area, of roofing 
sustained by one truss eqiials 

48^ X 14 = G79 square feet, 
and the weight of the I'oofing equals 

679 X 15 = 10,185 pounds. 

The total load e<pials 

1,575.84 4- 10,185 = 11,700.84 pounds. 

ISTow this load is to be proportioned among the five upper joints, 
but joints numbered (1) and (7) sustain only one-balf as much 
load as tbe others. Hence for joints (1) and (7) the loads equal 

-4- of 11,760 = 1,470, 

O 

and for (2), (4) and (5) they equal 

■^of 11,760 = 2,940 pounds. ' 
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As the weight o£ the trxiss is only estimated, the apex loads would 
be taken as 1,500 and 3,000 pounds for convenience. 

2. It is 1 ‘equired to eoiujxute the apex loads due to a snow 
load on the roof represented in Fig. 16, the distance between trusses 
being 14 feet. 

The horizontal area covered by the roof which is sustained by 
one truss equals 

42 X 14 = 588 square feet. 

If we assume the snow load equal to 10 pounds per horizontal 
square foot, than the total snow load borne by one truss equals 

588 X 10 = 6,880 pounds. 

This load divided between the upper joints makes 

X 5,830 = 735 2)ounda 
at joints (1) and (7); and 

X 5,880 = 1,470 pounds 
at the joints (2), (4), and (5). 

3. It is required to compute the apex loads due to wind 
pressure on the truss represented in Fig. 16, the distance between 
trusses being 14 ft. 

The inclination of the roof to the horizontal can be found by 
measuring the angle from a scale drawing with a protractor or by 
computing as follows : The triangle 34G is equilateral, and hence 
its angles equal 60 degrees and the altitude of the triangle equals 

14 X sin 60 = 13.12 feet. 


The tangent of the angle 413 equals 


12.12 

~wr~ 


= 0.577, 


and hence the angle equals 30 degrees. 

According to Art. 19,32 pounds per square foot is the proper 
value of the wind pressure. Since the wind blows only on one 
side of the roof at a given time, the pressure sustained by one truss 
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is the -wind pressure on one half of the area of the roof sustained 
by one truss, that is 

11 X 21^ X 32 = 10,804 pounds. 

One half of this pressure comes upon the truss at joint (2j and one 
fourth at joints (1) and (4). 

EXAMPLES FOR PRACTICE. 

1. (’omputethe apex loads due to weight for the truss 
represented in Fig. 27 if the roofing weighs 12 pounds per square 
foot and the trusses (steel) are 12 feet apart. 

Ans. As shown in Fig. 27. 

2. Compute the apex loads due to a snow load of 20 pounds 
per square foot on the truss of Fig. 25, the distance between 
trusses being 15 feet. 

f For joints (4) and (7), 1,200 pounds. 

Ans. -j For joints (1) and (Sj, 3,600 pounds. 

( ^’or joint (2) , 4,800 pounds. 

3. Compute the apex loads due to wind for the truss of Fig. 

26, the distance between trusses being 15 feet, 

/ Pressure equals practically 29 pounds per 
Ans. J square foot. Load at joint (2) is 4,860 and 
I at joints (1) and (3) 2,430 pounds. 

21. Stress in a Member. If a truss is loaded only at its 
joints, its members are under either tension or compression, but 
the weight of a member tends to bend it also, unless it is vertical. 
If purlins rest upon members between the joints, then they also 
bend these members. We have therefore tension members, com¬ 
pression members, and members subjected to bending stress com¬ 
bined with tension or compression. Calling simple tension or 
compression direct stress as in Strength of Materials,” then the 
process of determining the direct stress in the members is called 
“ analyzing the truss.” 

22. Forces at a Joint. By “ forces at a joint ” is meant all 
the loads, weights, and reactions which are applied there and the 
forces which the members exert upon it. These latter are pushes 
for compression members and pulls for tension members, in each 
case acting along the axis of the member. Thus, if the horizontal 
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and inclined members in Fig. 15 are in tension, they exert pnlls 
on the joint, and if the vertical is a compression member, it ex- 
erts a push on the joint as indicated. T7i& forces actimj at a 
joint are therefore conGttm'ent and their lines of action are 
always hnoxon. 

33. General Method of Procedure. The forces acting at a 
joint constitute a system in equilibrium, and since the forces are 
concurrent and their lines of action are all known, we can determine 
the masnitude of two of the forces if the others are all known; for 
this is the important problem mentioned in Art. 10 which was 
illustrated there and in A.rt. 17. 

Accordingly, after the loads and reactions on a truss, wliich is 


15 oo 
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Fig. 17. 


to be analyzed, have been ascertained*, we look for a joint at which 
only two members are connected (the end joints are usually suchj. 
Then w^e consider the forces at that joint and determine the two 
unknown forces which the two members exert upon it by methods 
explained in Arts. 16 or 17. The forces so ascertained are the 
direct stresses, or stresses, as we shall call them for short, and tJtey 
are the values of the yy ashes or alls whicJi those same nietribey's 
exert n_pon the joints at their other ends. 

Next we look for another joint at which but two unknown 
forces act, then determine these forces, and continue this process 
until the stress in each member has been ascertained. We explain 
further by means of 

Examples. 1. It is desired to determine the stresses in the 

* How to ascertain the values of the reactions is explained in Art. 37. 
For the present their values in an7 given case are merely stated. 
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members of the steel truss, represented in Fig. lO, duo to its own 
weight and that o£ the roofing asstimed to weigh 13 pounds per 
square foot. The distance between trusses is 14: feet. 

The apex loads for this case were computed in Example 1, 
Art. 20, and are marked in Fig. 16. "Without computation it is 
plain that each reaction equals one-half the total loa<l, that is, ^ of 
12,000, or 6,000 pounds. 

The forces at joint (1) are four in number, namely, the left 
reaction (C,000 pounds!, the load applied there Cl,500 pounds!, 
and the forces exerted 


by members 13 and 
Ifi. Forclearness, we 
represent these forces 

so far as known in Fig. Sooollas, 

17 («); we can deter- 

mine the two un- \ (2)^.^ 

known forces by 

, ^ j.- ^ i> Qoooltos. ' 

merely constructing a 

closed force polygon scev-le. 

for all of them. To iin.»6ooo Itos. 

construct the polygon, 

we first represent the 

known forces; thus AE (1 inch long with arrowhead pointing up) 
represents the reaction and BO inch long with arrowhead point¬ 
ing down) represents the load. Then from A and O we draw lines 
pai’allel to the two unknown forces and mark their intersection I) 
(or D'). Then the polygon is ABCDA, and CD (1.5 inches — 
9,000 pounds) represents the force exerted by the member 13 on 
the joint and DA (1.3 inches = 7,800 pounds) represents the force 
exerted by the member 18 on the joint. The arrowheads on BO 


D 

(l>) 

ScSxlet 

lin.»6ooo Itos. 


Fig. 18. 


and CD must point as shown, in order that all niiay point the same 
way around, and hence the force exerted by member 13 acts 
toward the joint and is a push, and that exerted by 18 acts away 
from the joint and is a pull. It follows that 13 is in compression 
and 18 in tension. 


If D' be used, the same results are reached, for the polygon is 
ABCD'A with arrowheads as shown, and it is plain that CD' and 
DA also D'A and CD are equal and have the same sense. But one 
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of these force polygons is prefei'able for reasons explained later. 

Since is in conapression, it exerts a push (0,000 pounds) 
on joint (2) as represented in Fig. 18 (re'), and since 13 is in 
tension it exerts a pull (7,800 pounds) on joint (3) as represented 
in Fig. 19 (re). 

The forces at joint (2) are four in number, the load (3,000 
pounds), tho force 9,000 pounds, and the force exerted upon it by 
the members 24 and SIT; they are represented as far as known in 

Fig. 18 (a). IVe determine the un¬ 
known forces by constructing a closed 
polygon for all of them. Eepresent- 
ing the known forces first, draw AB 
(1.5 inches long with arrowhead point¬ 
ing up) to represent the 9,000 pound 
force and BO (^- inch long with arrow¬ 
head pointing down) to represent the 
load of 3,000 pounds. Next from A 
and C draw lines parallel to the two 
unknown forces and mark their inter¬ 
section D; then the force 2 >olyg(jn is 
ABCDA and the arrowheads on CD and HA must ]ioiiit as shown. 
CD (1.25 inches = 7,500 pounds) represents the force exerted on 
joint (2) by 24; since it acts toward the joint the force is a push 
and member 24 is in compression- DA (0.43 inches = 2,580 
pounds) represents the force exerted on the joint by member 23; 
since the force acts toward the joint it is a push and the member 
is in compression. Member 23 thei’efore exerts a j>ush on joint 
(3) as shown in Fig. 19 (re). 

At joint (3) there are four forces, 7,800 jionnds, 2,580 
pounds, and the forces exerted on the joint by members 34 and 3C. 
To determine these, construct the polygon for the four forces. 
Thus, AB (1.3 inches long with arrowhead pointing to the left) 
represents the 7,800-pouud force and BO (0.43 inches long with 
arrow’heads pointing down) represents the 2,580-ponnd force. Next 
draw from A and O two lines parallel to the unknown forces and 
mark their intersection D; then the force polygon is ABCDA and 
the arrowhead on CD and DA must point U 2 )ward and to the right 
respectively. CD (0.43 inches = 2,580 jpounds) rejjresents the 


2560 lbs. 

(*o V 

70001133 . 

(to) 

D -A 

— 7 - . ■ - — ■ - 

/ 

/ ScoJiet 
^ liT3.»6oooltos. 

Pig. 19. 
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force exerted on the joint by member 81; since the force acts 
away from the joint it is a pull and the member is in tension. 
DA (0.87 inches = 5,220 pounds) representa the force exerted 
upon the joint by the member 36; since the force acts aivay from 
the joint, it is a pull and the member is in tension. 

"We have now determined the amount and kind of stress in 
members 12, 13, 23, 21, 31 and 3G. It is evident that the stress 
in each of the members on the right-band side is the same as the 



Fig-. 20. 


stress in the corresponding one on the left-hand side; hence further 
analysis is unnecessary. 

3. It is required to analyze the truss represented in JFig- 
20 (as), the truss Iteing supported at the ends and sustaining two 
loads, 1,800 and GOO pounds, as shown. (For simplicity we as¬ 
sumed values of the load; the lower one might be a load due to a 
suspended body. _We shall solve algebraically.) 

The right and left reactions equal 900 and 1,500 pounds as 
is shown in Example 1, Page 6G. At joint (1) there are three 
forces, namely, the reaction 1,500 pounds and the forces exeirted 
by members 13 and TI, which we will denote by Fj and Fg respect 
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ively. TLe three forces are represented in Fig. 20 (7>) as far as 
they are known. These three forces being in equilibrium, their 
horizontal and their vertical components balance. Since there are 
but two horizontal components and two vertical components it 
follows that (for balance of the components) F^ must act downward 
and Fa toward the n'ght. Hence member 18 pushes on the joint 
and is under compression while member 14 pulls on the joint and 
is under tension. From the figure it is plain that 
the horizontal component of Fj = F^ cos 63° S' = 0.0 F^*, 
the horizontal component of Fg = Fa, 
the vertical component of Fj = Fj cos 36° 62' = 0.8 F^, 
and the vertical component of the reaction = 1,500. 

Hence 0.6 Fj = Fg, and 0.8 Fj = 1,500; 

_ 1,500 . - 

01 ', Fi = - Q g = 1,876 pounds, 

and Fa = 0.6 X 1,875 = 1,125 pounds. 

Since members 14 and 13 are in tension and compression respect- 
ively, 14 pulls on joint (4) as .shown in Fig. 20 (e) and 13 pushes 
on joint (3) as shown in Fig. 20 (d). 

The forces acting at joint (4) are the load GOO poimd-s, the 
pull 1,125 pounds, and the forces exerted by meml)ers 34 and 24; 
the last two we will call F, and F^ respectively. The four forces 
being horizontal or vertical, it is plain without computation that 
for balance F^ must be a pull of 1^125 pounds and Fj one of GOO 
pounds. Since members 42 and 43 pull on the joint they are 
both in tension. 

Member 43, being in tension, pulls down on joint (3) as 
shown in Fig. 20 (d). The other forces acting on that j(jint are 
the load 1,800 pounds, the push 1,875 pounds, the pull 600 
pounds, and the force exerted by member 82 which we will call 
Fg. The only one of these forces having horizontal components 
are 1,875 and Fg; hence in oi'der that these two components may 
balance, Fg must act toward the left. Fg is therefore a pxish 
and tlie member 32 is under compression. 

* Tho angles can be computed from tho dimensions of tho truss: often 
they can be ascertained easiest by scaling them with a protractor from a 
large size drawing of the truss. 
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The horizontal coin|)onent of 1,875 = 1,873 X cos 53'= 8 ' = 1,125; 
and the horizontal component of F 5 = Fg X cos 38'^ 40' = 
0.7808 Fg. 

Hence 0.7808 Fg = 1,123, 

1 125 

or, Fg - IjllO pounds. 

(This same truss is analyzed graphically later.) 

24. Notation for Qraphical Analysis of Trusses. The nota- 
tion described in Art. 3 can he advantageously systematized in 
this connection as follows: Each triangular space in the diagram 
of the truss and the spaces between consecutive lines of action of 
the loads and reactions should be marked by a small letter (see 






Fig. 21. 


Fig. 21 a). Then the two letters on 
opposite sides of any line serve to denote 
that line and the same large letters are 
used to denote the force acting in that 
line. Thus cd (Fig. 21 a) refers to the 
member 12 and CD should be used to 
stand for the force or stress in that 
member. 

25. Polygon for a Join't. In draw¬ 
ing the polygon for all the forces at a 
joint, it is advantageous to represent the 
forces in the order in which they occur 
about the joint. Evidently there are 


always two possible orders thus (see Fig. 20 d) Fj, 600, 1,876, and 
1,800 is one order around, and F^, 1,800, 1,875, and 600 is another. 


The first is called a clockwise order and the second counter-clockwise. 
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A force polygon for the forces at a joint in which the forces are 
represented in eithei* order in which they occur ahoxit the joint is 
called a JJohjfjon.j'oi' the-joints and it will be called a clockwise or 
counter-clockwise polygon according as the order followed is clock¬ 
wise or counter-clockwise. Tlitis in Fig. 17 (t/), AJBODA is a 
clockwise polygon for joint (1). AJIOD'A is a polygon for the 



^ forces at the joint; it is not a poly¬ 
gon for ihejohif because the qrder 
in which the forces are represented 
in that polygon is not the same as 
either order in which they occur 
jj ahoxxt the joint. 

(Draw the counter-clockwise 
polygon for the joint and compare 
it with ABODAund ABOD'A.) 

^ 20. Stress Diagrams. If the 

C polygons for all the joints of a truss 
lira,® IoooUds. are drawn separately as in Example 

Fig. 22. 23, the stress in each mem¬ 

ber will have been represented twice. It is possible to combine 
the polygons so that it will he xxnnecessax*y to represent tlie stress 
in any one memher more than once, thus i-educing the number 
of lines to he dx*awn- Such a combination of force polygons is 
called a stress diagram. 

Fig 21 (V) is a stress diagram for the truss of Fig. 21 (a) 
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same as tlie truss of Fig. 10. It will be seen that the part of the 
stivBS diagram consisting of solid lines is a combination of separate 
polygons previously drawn for the joints on the left half of the 
tniss (Figs. 17, 18 and 19.) It will also be seen that the polygons 
are all clockwise, but counter-clockwise polygons could be com¬ 
bined into a stress diagram. 

To Construct a Stress Diagram for a Truss Under Given 
Loads. 

1 . Determine the reactions*. 

2 . Letter the truss diagram as explained in Art. 24. 

3. Construct a force polygoji for all the forces applied to the 
truss (loads and reactions) representing them in the oi*der in 
which they occur around the truss, clockwise or counter-clock¬ 
wise. (The part of this polygon representing the loads is called 
a load line.) 

4. On the sides of that polygon, construct the polygons for 
all the joints. They must he clockwise or counter-clockwise ao- 
coj’ding as the polygon for the loads and reactions is clockwise or 
counter-clockwise. (The first polygon for a joint must be drawn 
for one at which but two members are connected—the joints at 
the supports are usually such. Then one can draw in succession 
the polygons for joints at which there are not more than two un¬ 
known forces until the stress diagram is completed.) 

EjramjjJe. It is desired to construct a stress diagi*am for the 
truss represented in Fig. 23 (a), it being supported at its ends 
and sustaining two loads of 1,800 and COO pounds as shown. 

The right and left reactions are 900 and 1,600 pounds as is 
shown ill Example 1, Art. 37. Following the foregoing directions 
we fii’st letter the truss, as shown. Then, where convenient, draw 
the polygon for all the loads and reactions, beginning with any 
force, but representing them in order as previously directed. 
Thus, beginning with the 1,800-pound load and following the 
clockwise order for example, lay off a line 1.8 inch in. length rep¬ 
resenting 1,800 pounds (scale 1,000 pounds to an inch); since the 
line of action of the force is "be, the line is to be marked BO and 
B should be placed at the upper end of the line for a reason which 

* As already stated, methods for determining reactions are explained in 
Art. S7; for the present the values of the reactions in any example will be given. 
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will presently appear. Tlie next force to bo represented is tlie 
right reaction, 900 pounds ; hence from C draw a line upward and 
0.90 inch long. The line of action of this force being cv.’, the line 
just drawn should be marked GE and since 0 is already at the 
lower end, we mark the upper end E. (The reason for placing B 
at the upper end of the first line is now apparent.) The next 
force to be i*epresented is the GOO-pound load ; therefore we draw 
from E a line downward and 0.6 inch long, and since the line of 
action of that force is (?/, mark the lower end of the line E. The 
next force to be represented is the left reaction, 1,500 pounds, hence 
we draw a line 1.5 inches long and upward from F. If the lines 
have been carefully laid off, the end of the last line should fall at 
B, that is, the polygon should close. 

We are now ready to draw polygons for the joints; we may 
begin at the right or left end as we please but we should bear in 
mind that the polygons must be clockwise because the polygon for 
the loads and reactions (BCEFB) is such an one. Beginning at 
the right end for example, notice that there are three forces there, 
the right reaction, d>6 and do. The right reaction is represented 
by CE, hence from E draw a line parallel to cle and from O one 
parallel to do and mark their intersection E. Then CEDO is the 
clockwise polygon for the right-hand joint, and since CE acts up, 
the arrows on ED and DO would point to the left and down 
respectively. It is better to place the arrows near the joint to 
which they refer than in the stress diagram; this is left to the student. 
The force exerted by member ed on joint (2) being a pull, ed is 
under tension, and since ED measures 1.12 inches, the value of 
that tension is 1,120 pounds. The force exerted by member do on 
joint (2) being a push, do is under compression, and since DC 
measures 1.14 inches, the value of that compressiou is 1,440 pounds. 

The member do being in compression, exerts a push on the 
joint (3) and the member do being in tension, exerts a pull on the 
joint (4). FText indicate this push and pull by arrows. 

We might now draw the polygon for any one of the remain- 
ing joints, for there are at each but two unknown forct's. We 
choose to draw the polygon for the joint (3). There are four 
forces acting there, namely, the 1,800-pound load, the jmsh (1,440 
pounds) exerted by and the forces exerted by members ad- and 
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uuknowa in amount and sense. Now tlie first two of tliese 
forces are already represented in the stress diagram Ly 130 and 
CD, therefore we draw from D a line pai’allel to ihi and from B 
a line parallel to ha and mark their intersection A. Then BCDAB 
is the polygon for the joint, and since the arrowhead on BO and 
CD would point down and up respectively, DA acts down and 
AB up; hence place an-owheads in those directions on da and 
ah near the joint being considered. These arrows signify that 
member pulls on the joint and ha pushes; hence da is in tension 
and ha in compression. Since DA and AB measure 0.6 and 1.88 
inches respectively, the values 
of the tension and compression 
are 600 and 1,880 pounds. 

Next place arrowheads on 
ah and ad, at joints (1) and (ly 
to represent a push and. a 
pull respectively. There re¬ 
mains now but one stress un- Pig. 23 ^ 

determined, that in af. - It can 

be ascertained by drawing the polygon for joint 1 or 4; let us draw 
the latter. There are four forces acting at that joint, namely, the 
GOO-pound load, and the forces exerted by members ed^ da., and uf. 
The first three forces are already represented in the drawing by EF, 
DE and DA, and'the polygon for those three forces (not closed) 
is ADEF. The fourth force must close the polygon, that is, aline 
from F parallel to ff/^mnst pass through A, and if the drawing 
has been accurately done, it will pass through A. The polygon 
for the four forces then is ADEFA, and an arrowhead placed on 
FA ought to point to the left, but as before, place it in the truss 
diagram on «/*near joint (4). The force exerted by member ^y^on 
joint (4) being a pull, ry^is under tension, and since AF measures 
1.12 inches, the value of the tension is 1,120 pounds. 

Since of is in tension it pulls on joint (1), hence we place an 
arrowhead on cy^’near joint (1) to indicate that pull. 

EXAMPLES FOR PRACTICE. 

1. Construct a stress diagram for the truss of the preceding 
Example (P’ig. 22«) making all the polygons counter-clockwise, 
and compare with the stress diagram in Fig. 22. 
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l.><‘teriuino tbo wtressi^s in the nioiubers of! the truss repre- 
sent(Ml in Fio;, 2o(kieto a single load of ^2,000 pounds at the peak. 

I Stresses in 12 and 28 = 1,510 pounds, 
Ans. -! Stresses in 14 and 43 = 1,930 pounds, 
( Stress in 24 — 490 pounds. 


aooo lbs. 



Sc&.le 


in »»2oooi]o6 




27. Stress Records. When 
inakinff a record of the ralties 
of the stresses as determined 
in in analysis of a truss, it is 
' convenient to distinguish be¬ 
tween tension and compres¬ 
sion by means of the signs 
])ln8 and minus. Custom 
difFers as to use of the signs 
for this jmrpose, hut we shall 
use tension- and 

■in in 118 for comjircssion . Thus 
Fig, 24. + 4,500 means a tensile stress 

of 4,500 pounds, and — 7,500 
means a com^^ressive stress of 7,500 pounds. 

Tile record of the stresses as obtained in an analysis can be 
conveniently made in the form of a table, as in Example 1 follow¬ 
ing, or in the truss diagram itself, as in Example 2 (Fig. 25). 

As previously explained, the stress in a member is tensile or 
compressive according as the member pulls or jiushes on the joints 
between which it extends. If the arrowheads are placed on the 
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lines i*epreseiiting tlie members as was explained in Example 1 of 
Art. 20 (Fig. 22), tlu^ two arrowlieads on any member 

point toward each other on tension members, 
and from each otlier on compression members. 

If the system of lettering explained in Art. 24 is followed in 
the analysis of a truss, and if the first polygon (for the loads and 
reactions) is drawn according to directions (Art. 20), then the 
system of lettering will guide one in drawing the polygons for the 
joints as shown in the following illustrations. It must be remem¬ 
bered always that any two parallel lines, one in the truss and one 
in the stress diagram, must he designated by the same two letters, 
the first by small letters on opposite sides of it, and the second by 
the same capitals at its ends. 

Examples. 1. It is required to construct a stress diagram 
for the truss represented in Fig. 24 supported at its ends and 
sustaining three loads of 2,000 pounds as shown. Evidently 
the reactions equal 8,000 pounds. 

Following the directions of Art. 20, we letter the truss 
diagram, then draw the polygon for the loads and reactions. 
Thus, to the scale indicated in Fig. 24 (Z»), AB, BO, and CD repre¬ 
sent the loads at joints (2), (3) and (6) respectively and DE 
and EA represent the right and the left reactions respectively. 
Notice that the polygon (ABODEA) is a clockwise one. 

At joint (l)ther6 are three forcfes, the left reaction and the forces 
exerted by the members af and fe. Since the forces exerted by 
these two members must be marked AF and EF we draw from A 
a line parallel to (if and from E onej parallel to ef and mark their 
intersection F. Then EAFE is the polygon for joint (1), and since 
EA acts up (see the polygon), AF acts down and FE to the right. 
We, therefore, place the proper arrowheads on {(/"and fe near (T). 
and record (see adjoining table) that the stresses in those members 
are compressive and tensile respectively. ^Measuring, we find that 
AF and FE equal 0,160 and 5,100 pounds respectively. 


Member.... 

af 

fe 

bg 

fg 

gh 

Stress. 

-6.150 

+5,100 

- 4,100 

-1,875 

+2,720 
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We may next draw tlie polygon for joint (0) or (2) since tliere 
are bnt two unknown forces at each. At joint (2) for instance, 
the unknown forces are those exerted by fg and hg^ and the 
known are the load al (2,000 pounds) and the force exerted 



by af. Since the unknown forces \ Scs-ies 

must be marked FC and GB, draw \ 

from F a line parallel to fg, from \ ^ 

B a line parallel to Sy, and mark ^ \ 7^^ 

their intersection G. Then the poly- \ / 

gon for the joint is FABGF, and ''\/gL _\ 

since AB acts down (see the polygon) V 

BG and GF act down and up respec- / \ / 

tively. Therefore, place the proper ^ / _ \f 

arrowheads on and gf near (2), and ^ 

record that the stresses in those mem- ,' ^ 

hers are both compressive, ileasur- / 

ing, we find that BG and GF scale ( / 

4,100 and 1,875 pounds respectively. / 

Now draw a polygon for joint 
(3) or (6) since there are but twoun- Fig. 25. 

known forces at each joint. At (3) 

for instance, the unknotvn forces are those exerted by ch and gh, 
the known forces being the load (2,000 pounds) and the force 4,100 
pounds, exerted by hg. Since the unknown forces must be 
marked OH and GH, draw from O a line parallel to cA, from 
G one parallel to yA, and mark their intersection H. Then 


Pig. 25. 
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GBCIICt is tlio J>olygoa for tlie joint, and since J30 acts down 
(seo the polygon) CH acts up and IIG down. Therefore, place 
the proper arrow-heads on ch and luj near (3), and record that the 
stresses in those members are coinpressiwe and tensile respectively. 
Measuring, we find that CH and HG scale 4,100 and 2,720 
pounds respectively. 

It is plain that the stress in any member on the right- 
hand side is the same as that in the corresponding member on 
the left, hence it is not necessary to construct the complete 
stress diagram. 

2. It is required to analyze the truss of Tig. 25 which 



rests on end supports and sustains three loads each of 2,000 
pounds as shown. Each member is 16 feet long. 

Evidently, reaction^ are each 3,000 pounds. Following 
directions of Art. 26, first letter the truss diagram and then 


eooo 



draw a polygon for tlie loads and reactions representing them 
in either order in which they occur about the truss. DOBAED 
is a counter-clockwise polygon, DC, CB, and BA representing the 
loads at joints (1), (2) and (3), AE the left reaction, ED the right 
reaction. 
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The construetion of the ])oljgons is carried out as in the 
preceding illustration, and little explanation is necessary. The 
polygon for joint (4) is AEFA, EF (1,725 pounds tension) 
representing the stress in a,i\dL FA (3,450 pounds compression) 
that in uf. The polygon for joint (3) is BAFGB, FG (1,150 
pounds tension) representing the stress in f<j and GB (2,000 
pounds compression) that in <j1k The polygon for joint (5) 
is GFETIG, ETI (2,875 pounds tension) representing the stress 
in vh and FIG (1,150 pounds compression) that in Jkj. 

Eyidently the stress in any member on the light side of 
the truss is like that in the corresponding member on the left, 
therefore it is not necessary to construct the remainder of the 
stress diagram. 

EXAHPLES FOR PRACTICE. 

1. Analyze the truss represented in Fig. 20, it being sup¬ 
ported at its ends and sustcdniug three loads of 2,000 and two 
of 1,000 pounds as represented. 


STRESS RECORD. 


Member. 

rz 

28 

14 

45 

24 

25 

85 

Stress.1 

-8,flo0 

o 

i 

-f8,000 1 

+8,000 

+1,000 1 

—o,fj50 

1 +8,000 


2. Analyze the truss represented in Fig. 27, it being sup¬ 
ported at its ends and sustaining five 2,000-pound loads and two 
of 1,000 as shown. 


STRESS RECORD. 


Member. 

12 

23 

84" 

61 

52 

53 

1 64 

56 

Stress .., 

-11,200 

-8,900 

1-8,000 

I+10,000 

-2,000 

-2,000 

1 +4,000 

+r,,ooo 


28. Analysis for 5no\v Loads. In some cases the apex 
snow loads are a definite fractional part of the apex loads due 
to the weights of roof and truss. For instance, in Examples 1 
and 2, Pages 25 and 26, it is shown that the apex loads are 
1,500 and 3,000 pounds due to weight of roof and truss, and 
735 and 1,470 due to snow; hence the snow loads ai’e practi¬ 
cally equal to one-half of the permanent dead loads. It follows 
that the stress in any member due to snow load equals 
practically one-half of the stress in that member due to the 
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permanent dead load. The snow load strerfses in this case can 
therefore bo obtained from the permanent load stresses and no 
stress diagram for snow load need be drawn. 

In some cases, however, the apex loads due to snow at the 
various joints are not the same fractional part of the permanent 
load. This is the ease if the roof is not all of the same slope, 
as for instance in Fig. 25 where a part of the roof is flat. 
In such a case the stresses due to the snow load cannot be 
determined from a stress diagram for the permanent dead load 


2*7001103. 



Fig. 28. 


but a separate stress diagram for the snow load must be drawn. 
Such diagrams are drawn like those for permanent dead load. 

29. Analysis for Wind Loads. Stresses due to wind press¬ 
ure cannot be computed from permanent load stresses; they can 
be most easily determined by means of a stress diagram. Since 
wind pressure exists only on one side of a truss at a time, the 
stresses in corresponding members on the right and left sides of a 
truss are unequal and the whole stress diagram must be drawn in 
analysis for “ wind stresses.” Moreover, where one end of the 
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truss rests on rollers, two stress diagrams must be drawn for a 
complete analysis, one for wind blowing on the right and one for 
wind blowing on the left (see Example 2 following). 

^iccvTti 1- It is re(^iiired to analyze the truss of Eig. 
IG for wind pressure, the distance between trusses being 14 feet. 

The apex loads for this ease are computed in Example 3, 
Page 20, to be as represented in Fig. 28. Sirpposing both ends 
of the truss to be fastened to the supports, then the reactions (due 
to the wind alone) are parallel to the wind pressure and the right 
and left reactions e(iual 3,600 and 7,200 pounds as explained in 
Example 2, Page D7. 

To draw a clockwise polygon for the loads and reactions, we 
lay ofiE BO, OF, and FF' to represent the loads at joints (1), (2), 
and (4) respectively; then since there are no loads at joints (o) 
and (7) we mark the point F' by C' and B' also; then lay off 
B'A to represent the reaction at the right end. If the lengths 
are laid off carefully, AB will represent the reaction at the left 
end and the polygon is BOFF'C'B'AB. 

At joint (1) there ai-e four forces, the I'eaction, the load, and 
the two stresses. AB and BO represent the first two forces, hence 
from O draw a line parallel to al and from A a line parallel to ad 
and mark their intersection D. Then ABODA is the polygon for 
the joint and CD and DA represent the two stresses. The former 
is 7,700 pounds compression and the latter 9,000 pounds tension. 

At joint (2) there are four forces, the stress in cd (7,750 
pounds compression), the load, and the stresses in and ed. As 
DO and OF i-epresent the stress -7,700 and the load, from F draw 
a line parallel to J-'e and from D a line parallel to de, and mark 
their intersection E. Then DOFED is the polygon for the joint and 
FE and ED represent the stresses inj^ and ed respectively. The 
former is 7,700 pounds and the latter 5,400, both compressive. 

At joint (3) there are four forces, the stresses in ad (9,000 
pounds), de (6,400 pounds), eg and cja. AD and DE represent 
the first two stresses; hence from E draw a line parallel to eg and 
from A a line parallel to ag and mark their intersection G. Then 
ADEGA is the polygon for the joint and EG and GA represent 
the stresses in eg and ga respectively The former is 6,400 and 
the latter 3,600 pounds, both tensile. 
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At joint (4) there are five forces, the stresses in eff (6,400 
pounds) and ef (7,760 pounds), the load, and the stresses and 

e'g. GE, EF and FF' represent the first three forces; hence draw 
from F' a line parallel tof'e' and from G a line parallel to e’g and 
mark their intersection E'. (The first line passes through G, hence 
E' falls at On). Then the polygon for the joint is GEFF'E'G, and 


Sloolbs. 3100 lbs. 



G 


Fig. 29. 

F'E' (0,260 pounds compression) represents the stress in 
Since E'G = 0, the wind produces no stress in member ge'. 

At joint (6) three members are connected togetlxer and there 
is no load- The sides of the polygon for the joint must be parallel 
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to tlic members joined tliere. Since two of tlioso members are in 
the same straight line, two sides of the polygon will be parallel 
and it follows as a consequence that the third side must be zero. 
Hence the stress in the member equals zero and the stresses 
in and iVc' are equrd. This result may be explained slightly 
differently: Of the stresses in e'd\ and cVd we know the first 
(6,250) and it is represented by E'F'. Hence we draw from F' a 
line parallel to (*<V and one from E' parallel to d'e and mark their 
intersection D'. Then the polygon for the joint is E'E'C'O'E' 
C'D' (0,250 pounds compre3sion) representing the stress in dd\ 
Since E' and D' refer to the same point, E'D' scales zero and there 
is no stress in </d\ 

The stress in ud* can be determined in various ways. Since 
at joint (G) there are but two forces (the stresses in gd and 
d(V being zero), the two forces must be equal and opposite to 
balance. Hence the stress in d'a is a tension and its value is 
3,600 pounds- 

2. It is required to analyze the tiuiss represented in Fig. 
24 for wind pressure, the distance between trusses being 15 feet. 

The length 13 equals 1 20'^ + 14"’ or 

-b 1^ == :^^4.4 feet. 

Hence the area sustaining the wind pressure* to l>e borne by one 
truss equals 24.4 X 15 = 300 square feet. 

The tangent of the angle which the roof makes with the 
horizontal equals 14 20 = 0.7; hence the angle is practically 

35 degrees. According to Art. 19, the wind pressures foi' slopes 
of 30 and 40 degrees are 32 and 30 pounds per square foot; 
hence for 85 degrees it is 34 pounds per square foot. The total 
wind pressure equals, therefore, 300 X 34 = 12,444, or practically 
12,400 pounds. 

The apex load for 

joint (2) is of 12,400, or 6,200 pounds, 

;ind for joints (1) and (3), of 12,400, or 3,100 i)oundrt (so© Fig. 29). 

When the wind blows from the rioEt the 

load for joint (5) is 6,200 pounds, and 
for joints (0) and (6) 3,100 pounds. 
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If the left end of the truss is fastened to its sii])j>ort and 
the right rests on rollers^, when the wind blows on tlie left side 
the right and left reactions equal 3,780 and 9,550 pounds respec¬ 
tively and act as shown. "When the wind blows on the right 
side, the right and left reactions equal 6,380 and 8,050 pounds 
and act as shown. The computation of these reactions is shown in 
Example 1, Page 58. 

For the wind on the left side, OA, AB, and BO (Pig. 29Z>) 
represent the apex loads at joints (1J, (2) and (3) respectively and 
CE and EG represent the rigiit and left reactions; then the poly¬ 
gon (clockwise) for the loads and reactions is OABCDPEO. The 
point O is also marked I) and P because there are no loads at 
joints (5) and (0). 

The polygon for joint (1) is EG APE, AP and PE represent¬ 
ing the stresses in q/*andy5 respectively. The values are recorded 
in the adjoining table. The polygon for joint (2) is PABGP, 
BG and GF representing the stresses in and^y. The polygon 
for joint (3) is GBCHG, CIl and HG representing the stresses in 
c// and 7/y respectively. At joint (5) there is no load and two of 
the members connected there are in the same line; hence there is 
no wind stress in the third member and the stresses in the other 
two members are equal. The point 11 is therefore also marked I 
to make PII equal to zero. The polygon for joint (5) is HODIH. 


STRESS RECORD. 


M(*mber. 

Stress, Wind Left, 

Stress, Wind Eight. 


- 8,850 

-6.300 


4-12,700 

-2,000 

bg 

- 5,600 

-6,300 

fQ 

- 7,000 

0 

hg 

4- 5,100 

+3,400 

hi 

0 

-7,000 

ch 

- 7,700 

-3,100 

ie 

1 + 6,400 

+4,400 

di 

- 7,700 

- 7,500 

1 


At joint (4) there are four forces, all known except the one 
in ?V. EF, FG, and GII represent the first three; hence the line 

Rollers to allow for free expansion and contraction of the truss would 
not bo required for one as short as this. They are not used generally unless 
the truss is 55 feet or more in length. 
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joining I nn<l ixinst I'cjji'csont tliB i3tr6ss in Tliis linOj if 
drinvincr lias been eorrectlj' and accurately made, is parallel to ie. 

For wind on right side, BC, CD, and DP Pig. 29(c) represent 
the loads at joints (3), (5) and (0) resiwctively and PE and EB 
the right and left reactions; then BODPEB is the polygon for the 
loads and reactions. The point B is also marked A and O because 
there are no loads at joints (2) and (1). 

The polygon for joint (9) is DPEID, El and ID representing 
the stresses in l i and respectively. The polygon for joint (5) is 
CDinC, III, and IIO representing the stresses in Ih and lie respect¬ 
ively. The polygon for joint (3) is BCHGB, IIG, and GB repre¬ 
senting the stresses in hg and gh respectively. The polygon for 
joint (2) is BGPAB, PA representing the stress in fa, and since 
GF equals zero there is no stress in of. 

At joint (1) there are three forces, the left reaction, AF and 
the stress in/b. This third force must close the polygon, so we 



A 



Fig O. 

join F and E and this line represents the stress in fe. If the 
work has been accurately done, EE will be parallel toy^. 

EXAMPLE FOR PRACTICE. 

Analyze the truss represented in Fig. 26 for wind pressure, 
the distance between trusses being 15 feet, (See Ex. 3, Page 27, 
for apex loads.) Assuming both ends of the truss fastened to 
the supports, the reactions are both parallel to the wind pressure 
and the reaction on the windward side equals 6,692.6 pounds and 
the other equals 3,037.5 pounds. 
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Ans. Stress Record for Wind Left. 


Member. 

Stress. 

12 

- 8,600 

14 

4-8,000 

45 

4-8,600 

24 

0 

23 

- — 5,000 

25 

~ 6,0S0 

35 

+ 2,S00 

36 

- 6,0S0 

56 

0 

57 

+ 4,200 

68 

- 6,200 

67 

0 

78 

+ 4,200 


V. COMPOSITION OF NON-CONCURRENT FORCES. 

SO. Oraphical Composition. As in composition of concurrent 
systems, vre first compound any two of the forces by means of the 
Triangle Law (Art. 9), then compound the resultant of these two 
forces with the third, then compound the resultant of the first 
three with the fourth and so on until the resultant of all has been 
found. It will be seen in the illustration that the actual construc¬ 
tions are not quite so simple as for concurrent forces. 

E^sampZe. It is I'equired to determine the resultant of the 
four forces (1-00,80,120, and 60 pounds) represented in Fig. 30 (a). 

If we take the 100- and 80-pound forces first, and from any 
convenient point A lay off AB and BO to represent the magni¬ 
tudes and directions of those forces, then according to the triangle 
law AO represents the magnitude and direction of their resultant 
and its line of action is parallel to AO and passes through the 
point of concurrence of the two forces. This line of action should 
be marked ao and those of the 100- and SO-pound forces, ab and 
be respectively. 

If we take the 120-pound force as third, lay off CD to repre¬ 
sent the magnitude and direction of that force; then AD represents 
the magnitude and direction of the resultant of AO and the third 
force, while the line of action of that resultant is parallel to AD 
and passes through the point of concurrence of the forces AO and 
CD. That line of action should be marked ad and that of the 
third force od. 
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Jt i-finains to couipomid AD and the remaining one of the 
given forces, hence we lay otf DE to represent the magnitude and 
<lirectiori of the fourth force; then AE I’epresents the magnitude 
and direction of the resultant of AD and the fourth force (also of 
the four given forces). The line of action of the resultant is 
parallel to AE and passes through the point of concurrence of the 
forces AD and DE. That line should be marked ae and the line 
of action of the fourth face de. 

It is now plain that the magnitude and direction of the re- 
sultajit is found exactly as in the case of concurrent forces, hut 
finding the line of action requires an extra construction. 

31. When the Forces Are Parallel or Nearly So, the method 
of composition explained must he modified slightly because there 
is no intersection from which to draw the line of action of the re¬ 
sultant of the first two forces. 

To make such an intersection available, resolve any one of 
the given forces into two components and imagine that force re¬ 
placed by them; then find the resultant of those components and 
the other given forces by the methods explained in the preceding 
article. Evidenth* this resultant is the resultant of the given forces. 

E-xamjde. It is required to find the resultant of the four paral¬ 
lel forces (50, CO, 40, and CO pounds) represented in Fig. 81 (®). 

Choosing the 80-pound force as the one to resolve, lay off AE 
to represent the magnitude and direct'ou of that force and mark 
its line of action cd). ISText draw lines from A and B intersectinsr 

O 

at any convenient point O; then as explained in Art. 13, AO and 
OB (direction from A to O and O to B) represent the magnitudes 
and directions of two components of the 30-pouud force, and the 
lines of action of those components are parallel to AO and OB and 
must intersect on the line of action of that force, as at 1. Draw 
next two such lines and mark them ao and oh respectively. Now 
imagine the 30-pound force replaced by its two components and 
then compound them with the 50-, 40- and CO-pound forces. 

In the composition, the second component should be taken as 
the first force and the fi.rst component as the last. Choosing the 
50-pound force as the second, lay ofE BO to represent the magni¬ 
tude and direction of that force and mark the line of action l>c. 
Then OC (direction O to O) represents the magnitude and direc- 
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tioa ot* tlie resultant of ()!:> and BC, and av (parallel to 0(' an<l 
passing tlirougli tlie point of ^‘oncurrenee oE the forces C)B and 
BC) is tlio line of action. 

Choosing the iO-pound force next, lay off CT) to represent 
the ma 0 :nitude and direction of that force and niark its line of 
action vd. Then OD (direction O to D) represents the magnitude 
and direction of the resultant of OC and CD, and od (parallel to 
OD and passing through the point of concurrence of the forces OO 
and CD) is the line of action of it. 

Next lay off a line DE x’epresenting the magnitude and- 
direction of the GO-poiind force and mark the line of action de. 
Then OE (direction O to E) represents the magnitude and direc¬ 
tion of the resultant of OD and DE, and (parallel to OE and 



Fig. 31. 

passing through the point of concurrence of the forces OD and 
DE) is the line of action of it. 

It remains now to compound the last resultant (OE) and the 
first component (AO). xVE represents the magnitude and direc¬ 
tion of their resultant, and ae (parallel to AE and passing through 
the point of concurrence of the forces OE and AO) is the line of 
action. 

82. Definitions and Rule for Composition. The point O 
(Fig. 31) is called a and the lines drawn to it are called 

Tay§, The lines oct^ oh^ vg, etc,, are called stidivgs and collectively 
they are called a string polygon. The string parallel to the ray 
drawn to the beginning of the force polygon (A) is called the first 
string, and the one parallel to the ray drawn to the end of the 
force polygon is called the last string. 
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Thu luethuJ uf coustruction may now ho duseribed as follows: 

1. Draw a foreo polygon for the given forces. The line 
drawn from the beginning* to the end of the polygon represents 
the masxnitnde and direction of the resultant. 

3.^ Select a pole, draw the raya and then the string polygon. 
"PPy line through the intersection of the first and last stiings 
parallel to the direction of the residtant is the line of action of the 
resultant. (In constructing the string polygon, observe carefully 
that the two strings intersecting on the line of action of any one 
of the given forces are parallel to the two rays which are drawn to 
the ends of the line representing that force in the force polygon.) 

EXAMPLES FOR PRACTICE. 

1. Determine the resultant of the 50-, 70-, SO- and 120- 
pouiid forces of Fig. o. 

\ 200 pounds acting upwards 1.8 and 0.1 feet 
‘ I to the right of A and D respectively. 


r I t Y IT 

4.01133. 30 lbs. 2olbs. 15 lbs 

Fig. 32. 

2. IJjteriniiie tlie resultant of tlie 40-^ 30- and 20- 

ptjiind forces of Fig. 32. 

ins ^ pounds acting down feet from left 
( end. 

33. Algebraic Composition. The algebraic method of com¬ 
position is best adapted to parallel forces and is herein explained 
)nly for that case. 

If the plus sign is given to the forces acting in on© direction, 
bnd the minus sign to those acting in the opposite direction, the 
uagnitxide and sens© of the resultant is giwn by the algebraic sum 
►f the forces; the magnitude of the resultant equals the value of the 
Igebraic sum; the direction of the resultant is given by the sign of 
be sum, thus the resultant acts in the direction which has been called 
las or minus according as the sign of the sum is plus or minus. 


iolbs. 


DO lbs. 


■ a'- 
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If, for exaihple, ^ve call up plus and down niinuH, tlie alge¬ 
braic sum of the forces represented in Fig- 3:3 is 

™40 + 10-30-- 20 + 50-15 = -45; 

hence the resultant equals 45 pounds and acts downward. 

The line of action of the resultant is found by ineans of the 
principle of moments which is (as explained in “Strength of 
Materials^’) that the ononient of the resultant of cunj mtmher of 
forces about any origin eguaJs the alyeLraio sain of tlie ontnacnts 
of the forces. It follows from the principle that the arm of the 
resultant with respect to any origin equals the quotient of the 
algebraic sum of the moments of the forces divided by the result¬ 
ant; also the line of action of the resultant is on such a side of the 
origin that the sign of the moment of the resultant is the same 
as that of the algebraic siuii of the moments of the given forces. 

For example, choosing O as origin of moments in Fig. 32, 
the moments of the forces taking them in their order from left to 
right are 

- 40X6 = ~ 200, + 10X4 = + 40, ~ 30 X 3 = - 90, 

- 20X1 = - 20, - 50X3 - 100, + 15x3 = +45.^' 


Hence the algebraic sum equals 


— 200 + 40 — 90 — 20 — 100 + 45 ~ — 325 foot-pounds. 


The sign of the sum being negative, the moment oE the resultant 
about O must also be negative, and since the resultant acts down, 
its line of action must be on the left side of O. Its actual 
distance from O equals 


325 

45 


= 7.22 feet. 


EXAMPLES FOR PRACTICE. 

1. Make a sketch repiesenting five parallel forces, 200, 150 
100, 225, and 75 pounds, all acting in the same direction and 2 
feet apart. Determine their resultant, 

^ The student is reminded that when a force tends to turn the body on 
which it acts in the clockwise direction, about the selected origin, its moment 
is a given a plus sign, and when counter-clockwise, a minus sign.* 
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f liesultaut = 750 pounds, and acts in the same 
Alls. ’ direction as the given forces and 4.47 feet to the 
( left of the 75-ponnd force. 

2. Solve the preceding exain 2 )le, sujijjosing that the first 
th ree forces act in one direction and tlie last two in the opposite 
di recti t > 11 - 

( Resultant = 150 pounds, and acts in the same 
Ans. - direction with the first three forces and 16*3 feet 
( to the left of the 75-pouiid force. 

Ttro acting in the same direction can be com¬ 

pounded by the methods explained in the foregoing, but it is 
sonietiiiies convenient to remember that the resultant equals the 
sum of the forces, acts in the same direction as that of the two 
forces and between them so that the line of action of the resultant 
divides the distance between the forces inversely as their magni¬ 
tudes. For example, let Fj and F 2 (Fig. 83) be two parallel 
forces. Then if R denotes the resultant and and h its distances 
to Fj and Fo as shown in the figure, 

R = Fi + Fo, 

and a i 7 j : i i F^. 

34- Couples. Two parallel forces which are equal and act in 
opposite directions are called a couple. The forces of a couple 
cannot be compounded, that is, no single force can produce the 
same effect as a couple. The perpendicular distance between the 
lines of action of the two forces is called the and the product 

of one of the forces and the arm is called th© '?no7ne/it of the 
CO ufie. 

A plus or minus sign is given to the moment ot a couple 
according as the couple turns or tends to turn the body on which 
it acts in the clockwise or counter-clockwus© direction. 

VI. EQUILIBRIUn OF NON=CONCURRENT FORCES. 

35 . Conditions of Equilibrium of Non«Concurrent Forces 
Not Parallel may be stated in various ways; let us consider four. 
First; 

1, Th© algebraic sums of th© components of th© forces along each of 
two lines at right angles to each other equal zero. 
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2. The algebraic sum cjf the moments of the forces about any orij^in 
equals zero. 

Second: 

1. The sum of the components of the forces alonj^ any lino e(iuals zero^ 

2. The sums of the moments of the forces with respect to each of two 

origins equal zero. 

Third: 

The sums of the moments of the forces with respect to each of three 
origins equals zero. 

Fourth: 

1. The algebraic sum of the moments, of the forces with respect to 

some origin etiuals zero. 

2. The force polygon for the forces closes. 

It can be shown that if any one of the foregoing sets of conditions 
are fulfilled by a system, its resultant e(j[uals zero. Hence each is 
called a set of conditions of equilibrinm for a non-concurrent sys¬ 
tem of forces which are not parallel. 

The fii'st three sets are algebraic ’’ and the last is mixed, 
(1) of the fourth, being algebraic and (2) graphical. There is a 
set of graphical conditions also, but some one of those here given 
is usually preferable to a set of wholly graphical conditions. 

Like the conditions of equilibiduiu for concurrent forces, they 
are used to answer questions arising in connection with concurrent 
systems known to be in equilibrium. Examples may be found in 
xVrt. 87. 

36, Conditions of Equilibrium for Parallel Non=Concurrent 
Forces. Usually the most convenient set of conditions to use is 
one of the following: 

First; 

1. The algebraic sum of the forces equals zero, and 

2. The algebraic sum of the moments of the forces about some origin 

equals zero. 

Second: 

The algebraic sums of the moments of the forces with respect to each 
of two origins equal zero, 

37. Determination of Reactions. The weight of a truss, its 
loads and the supporting forces or reactions are balanced and con¬ 
stitute a system in equilibrium. After the loads and weight are 
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ascertained, tlie reactions can Le determined by means of condi 
tions of e(j[iiilibrium stated in Arts. 35 and 30. 

The only cases which can he taken up here are the followini 
common ones: (1) The truss is fastened to tw'O siijiports an< 
(2) The truss is fastened to one support and simply rests o 
rollers at the other. 

Case (i) Truss Fastened to Both Its Supports. If the load 
are all Tertieal, the reactions also are Tertical. If the loads ar 
not vertical, w’e assume that the reactions are parallel to the result 
ant of the loads. 

The algebraic is usually the simplest method for determining 
the reactions in this case, and two moment equations should b 
used. Just as wlien finding reactions on beams w^e first take mo 
ments about the right support to find the left reaction and the] 
about the left support to find the right reaction. As a check w 
add the reactions to see if their sum equals the resultant load as i 
should. 

JExmnjjleB, 1. It is required to determine the reactions oi 
the truss represented in Fig. 20, it being suj^ported at its ends an< 
sustaining two vex'tical loads of 1,800 and 000 pounds as shown 

The two reactions are vertical; hence the system ii 
e<j!uilibrium consists of parallel forces. Since the algebraic sun 
of the moments of all the forces about any point equals zero, t< 
find the left Z'eactioii we take moments about the right end, and t< 
find the right reaction w’e take moments about the left end. Thus 
if li-i and denote the left- and right-reactions respectively, ther 
taking moments about the right end, 

(Il,X 24) - (ISOO X 15) - (,000 X 15) = 0, 

or 24E,= 27,000 + 9,000 = 30,000; 

- „ 30,000 , 

neiice 1 vjl=—— = l,o00 pounds. 

Taking moment akout tlie left end, 

- R,x 24 + 1,800 X 9 + 000 X 9 0, 

or 24E, = 10,200 + 6,400 = 21,600; 

1^3= 900 pounds. 


kence 
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As a clieck, add the reactions to see if the sum equals that of 
the loads as should be the case. (It will be noticed that reactioris 
on trusses and beams under vertical loads are determined in the 
same manner.) 

2. It is required to determine the i^eactions on the truss rep¬ 
resented in Fig. 28 due to the wind pressures shown (2,700, 5,400 
and 2,700 pounds), the truss being fastened to both its supports. 

The resultant of the three loads is evidently a single force of 
10,800 pounds, acting as shown in Fig. 34. The reactions are 


( 4 .) 



Fig. 34. 


pax'allel to this resultant; let 11^ and II 2 denote the left and right 
reactions respectively. 

The line is drawn through the point 7 and perpendicular 
CO the direction of the wdnd pressure; hence with respect to the 
right support the arms of resultant wind pressure are ac 

and de, and with respect to the left support, the arms of II 2 
resultant wind pressure are ao and a/j. These different arms can 
be measured from a scale drawing of the truss or be computed as 
follows: The angle 17^ equals the angle 417, and 417 was shown 
to be 80 degi’ees in Example 3, Page 26. Hence 

ab = 14 cos 30% io = 28 cos 30% ao — 42 cos 30"*. 
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llic sil'relsraic sums of the moments of all the forces acting 
on llie tniss a]>out tlie riglit and left supports ecpml zero, 

111 >: 4-2 cos 30 ' -= 10,800 X 28 cos 00^, 
an<l Ilo ' : 42 cos 30'’ = 10,800 X 14 cos 80’. 

Fi’om the first etpiation, 




10,800 X 28 
42 


r,200 pounds, 


and from the second, 


11 , = 


10.800 X 14 
42 


3,000 pounds. 


Adding the two reactions we find that their sum equals the load as 
it should. 

Case (2) One end of the truss rests on rollers and the other 
is fixed to its support. The reaction at the roller end is always 
vertical, hut the direction of the other is not known at the outset 
unless the loads are all vertical, in which case both reactions are 
vertical. 

"When the loads are not all vertical, the loads and the reactions 
constitute a non-concurrent non-parallel system and any one of 
the sets of conditions of equilibrium stated in' Art. 35 may be 
used for determining the reactions. In general the fourth set is 
probably the simplest. In the first illustration we apply the four 
different sets for comparison. 

Ii!iCf(m 2 >T.es. 1. It is required to compute the reactions on 
the truss represented in Fig. 20 due to the wind pressures shown 
on the left side (3,100, 0,200 and 3,100 pounds), the truss resting on 
rollers at the right end and being fastened to its support at the left. 

(a) Let lij and R 2 denote the left and right reactions. The 
direction of E 2 roller end) is vertical, but the direction of 

Ri is unknown. Imagine resolved into and replaced by its 
horizontal and vertical components and call them R^' and R^" 
respectively (see Fig. 85.) The six forces, R^', R^", Rg and the 
three wind pressures are in equilibrium, and we may apply any 
one of the sets of statements of equilibrium for this kind of a 
system (see Art. 35) to detemiine the reactions. If we choose to 
use the first set we find, 
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rt'solving forces along a Lorizontal line, 

-H/ -F- 3,100 cos OS'" + 0,200 cos 66’ 3,100 cos 55'’ = 0; 

r<asolving forces along a vertical line, 

+Ei" + 1^2 “ S,100 cos 35^- 0,200 cos 35'’- 3,100 cos 35’ = 0 ; 
taking moments about tlie left end, 

+ 6,200 X 12.2 + 3,100 X 24.4 - 1^ >: 4o = 0. 

From the first equation, 

1^1 “6,100 cos So'’-[-0,200 cos 5o'-1-3,100 cos 55’=7,113 pounds. 





Fig. 35. 

and from tlie third. 


0,200 X 13.2 + 8,100 X 24.4 


= 3,7S2 pounds. 


Substituting this value of Rg in the second equation we find that 
Ri " =3,100 cos 33“ 6,200 cos 35° -f 3,100 cos 35° - 3,782 

= 10,150 — 3,782 = 0,374 pounds. 

If desired, the reaction Rj can now be found by compounding 
its two components Rj' and Ri'’. 



STATICIS 


r.)) 


{u\ Usintr thii second set of conditions of equilibrium stated 
in Art. 35 we obtain tbe following three “ equilibrium equa¬ 
tions ” : 

As in (1), resolving forces along tlie horizontal gives 

-11/ - 4 - 3,100 cos 55' -f- G,200 cos 55" + 8,100 cos 65° = 0, 
and t;'.kin<£ Jiionients sdfont the left end, 

r,,200 X 12.3 + 3,100 X 24.4-H 3 X 40 = 0. 

Taking moments about tlie right end gives 

Rj- X 40-3,100 X 1^-0,200 xTB- 3,100 = 0 

Just as in («), we find from the first and second equations the 
values of 11/ and lio. To find Hi" we need values of the arms 
ii'iSy Mj, and cG* By measurement from a drawing we find that 

= 32.7, /Aj ^ 20.5, and cO = 8,3 feet. 


Substituting these values in the third equation and solving for 
Ri" we find that 


R/ 


3,100 X 32.7 + 0,200 X 20. 


40 


d,3o 5 pounds. 


(c) Using the third set of conditions of equilibrium stated 
in Ai*t. 85 we obtain tbe follou’ing three equilibrium equations : 
As in (^),laking moments about the right and left ends we get 

Ri" X 40 - 3,100 X 32.7 - 0,200 X 20.6 - 3,100 X 8.3 = 0, 

and - Rg X 40 + 0,200 X 12.2 + 3,100 X 24.4 = 0. 

Choosing the peak of the truss as the origin of moments for the 
third equation we find that 

Ri' X 14 + Ri" X 20- 3,100 X 24.4-0,200 X 12.2 - R^ x 20 = 0. 

As in (Z») we find from the first two equations the values of R/' and 
Rg. These values substituted in the third equation change it to 

Ri' X 14 + 0,373 X 20-3,100 X 24.4-6,200 X 12.2-3,782 X 

20 = 0 



01 


STATICS 


or 


R/' = 




20 4 - ,4,100 X 24-.4 -f- 0.200 x 12.2 -F- 3,782 x 20 


14 


= 7,104.^= 

(<?) ■^Vlien vising the fourth set of conditions we always 
determine the reaction at the roller end from the moment equa¬ 
tion. Then, knou'ing the value of this reaction, draw the force 
polygon for all the loads and reactions and thus determine the 
magnitude and direction of the other reaction. 

Taking moments about the left end. we find as in(«),(5),and 



(c) that Rg = 3,782. Then draw AB, BC and Cl) (Fig. 36) to 
represent the windloads, and DE to represent Ro. Since the force 
polygon for all the forces must close, EA represents the magni- 
cude and direction of the left reaction; it scales 9,550 pounds. 

2. It is required to determine the reactions on the truss of 
the preceding illustration when the wind blows from the right. 

The methods employed in the preceding illustration might be 
used here, but we explain another which is very simple. The 
truss and its loads are represented in Fig. 37. Evidently the 
resultant- of the three wind loads equals 12,400 pounds and acts in 
the same line with the 6,200-pound load. If we imagine this 
resultant to replace the three loads we may regard the truss acted 
upon by three forces, the 12,400-pound force and the reactions, 
and these three forces as in equilibrium. R"ow when three forces 

* The slight differences in the answers obtained from the different sets 
of equilibrium equations are due to inaccuracies in the measured arms of 
some of the forces. 
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ari' in f<|iiililiriinu tlitsy murst be concnri'ent or parallel, and since 
thi' rt'snitant load (T2,4()0 pounds) and Eo intersect at O, the line 
of action of 11^ must also pass through O. Hence the left 
reaction acts through the left support and O as shown. "We are 
now ready to deteriiiino the values of and Ii 2 - hay off AB to 
rejtresent the resultant load, then from A and B draw lines 
parallel to and Ih, and mark their intersection C. Then BC 
and CA represent the magnitude and directions of E^ and E, 
respectively; they scale 6,i>S0 and 8,050 pounds. 



Fig. 38. 

EXAMPLE FOR PRACTICE. 

1 . Determine the reactions on the truss represented in Fig. 26 
due to wind pressure, the distance between trusses being 15 feet, 
supposing that both ends of the truss are fastened to the supports. 

) Eeaction at windward end is 6,682-^ pounds. 

I Eeaction at leeward end is 3,037-^- pounds. 

VII. ANALYSIS OF TRUSSES (CONTINUED) ; METHOD OF 

SECTIONS. 

38 . Forces in Tension and Compression flembers. As ex¬ 
plained in “ Sti’ength of Materials ” if a member is subjected to 
forces, any two adjacent parts of it exert forces upon each other 
which hold the parts together. Figs. 38 (a) and 38 (J) show how 
these forces act in a tension and in a compression member. F' is 
the force exerted on the left part by the right, and F" that exerted 
on the right part by the left. The two forces F' and F" are equal, 
and in a tension member are pulls while in a compression member 
they are pushes. 

39. Method of Sections. To determine the stress in a mem¬ 
ber of a truss by the method explained in the foregoing (the 
“method of joints’’), we begin at one end of the truss and draw 
polygons for joints from that end until we reach pne of the joints 
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to -w'liicli that member is connected. If the meniber is near the 
middle of a long truss, such a method of determining the stress 
in it requires the construction of several polygons. It is some¬ 
times desirable to determine the stress in a member as directly as 
possible without having first determined stresses in other members. 
A method for doing this will now be explained ; it is called the 
method of sections. 

Fig. 39 (ti) is a partial copy of Fig. IG. The line LL is in¬ 
tended to indicate a “ section ” of the truss “ cutting ” members 
24, 34 and 8 G. Fig. 39 (i^) and (c) represents the parts of the truss 
to the left and right of the section. By “part of a truss” we 
mean either of the two portions into which a section separates it- 
when it cuts it completely. 



Since each part of the truss is at rest, all the forces acting on 
each part are balanced, or in equilibrium. The forces acting on 
each part consist of the loads and reactions applied to that part to¬ 
gether with the forces exerted upon it by the other part. Thus the 
forces which hold the part in Fig. 89 (Fj) at rest are the 1,600- 
and 3,000-pound loads, the reaction 6,000 and the forces which 
the right part of the cut members exert upon the left parts. These 
latter forces are marked Fj', F/ and Fg'; their senses are unknown. 
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but viich acts along tlie axis of the corresponding member. T>e 
forces which hold the part in Fig. 39 (c) at rest are the two 3,000- 
pounfl loads, the 1,500-pound load, the right reaction 6,000 
pounds and the forces which the left parts of the cut menibeis 
exert upon the riglit parts. These are marked F^^^, Fg and F„ , 
their senses are also unknowui but each acts along the axis of the 
corresponding member. The forces F/ and F/', and F^^', and 
F/ and F/ are equal and opposite; tliey are designated differently 
only for convenience. 

If, in the system of forces acting on either part of the truss, 
there are not more than three unknown forces, then those three can 
be computed by ''applying'" one of the sets of the conditions of 
equililjriuin stated in Art. 35.* In writing the equations of 
equilibrium for the system it is practially necessary to assume a 
sense for one or more of the unknown forces. IVe shall alioays 
laoooms. assume that such forces arc 

- that is, act away 

/ \ ! / from the paH of the truss 

/ \ 1 / upon xohich they are exerted. 

s/ I ypg Then if the computed value 

J \ ‘ / of a fo7xe is plus, the force 

/ \ ^ / really a pull and the 

C 4 )Z__ \t/ _5k. member is in taision and if 

|aoooi-bs. (s) ^alue is minus, then the 

40. force is really a push and. the 

member is in compressimi. 

To determine the stress in any particular memher of a truss 
in accordance with the foregoing, ^^pass a section"" through the 
truss cutting the member under consideration, and then apply as 
many conditions of equilibrium to all the forces acting on either 
part of the truss as may be necessary to determine the desired force. 
In passing the section, care should be taken to cut as few members 
as possible, and never should a section be passed so as to cut more 
than three, the stresses in which are unknown; neither should the 
three be such that they intersect in a point. 

*If, however, the lines of action of the three forces Intersect in a point then 
the statement is not true* 


\ 3000 Uds. 


Fii?. 40. 
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Examples. 1. It is requirecl to determine the amoiiiit and 
kind of stress in the member 24 of the truss represented in Fig. 
39 (a) when loaded as shown. 

Having determined the reactions (0,000 pounds each) we pass 
a section through the entire truss and cutting "24; HL is such a 
section. Considering the part of the truss to the left of the 
section, the forces acting upon that part are tl^e two loads, the left 
reaction and the forces on the cut ends of members BIT and ^ 
(Fj', F/, and Fg'). F^' can be determined most simply by writing 

a moment equation using (3) as the origin, for with respect to 
that origin the moments of F/ and Fg' are zero, and hence those 
forces will not appear in the equation. Measuring from a large 
scale drawing, we find that the arm of F^' is 7 feet and that of 
the 3,000-pound load is 3.5 feet. Hence 


(F/ X 7)+ (6,000 X 14)-(1,500 X 14)-r3,000 X 3.5)= 0 
- (6,000 X 14) + (1,500 X 14) + (3,000 X 3.5) _ „ 

- 7 - ^ 


- 7,500 


The minus sign means that Fj' is a push and not a pull, hence the 
member 24 is under 7,500 pounds compression. 

The stress in the member 24 may’ be computed from the 
part of the truss to the right of the section. Fig. 39 (c) repre¬ 
sents that part and all the forces applied to it. To determine 
F/' we take moments about the intersection of F/' and F,". 
Measuring from a drawing we find that the arm of F/' is 7 feet, 
that of the load at jomt (4) is 7 feet, 
that of the load at joint (5) is 17.5 feet, 
that of the load at joint (7) is 28 feet, 
and that of the reaction is 28 feet. 

Hence, assuming F/ to be a pull, 

—(F/' X 7)+ (3,000 X 7)+(3,000 X 17.5) +(1,500 X 28)—(6,000 

X 28) = 0, 

_ „ (3,000 X 7) + (3,000 X 17.5) + (1,500 X 28) - (6,000 X 28) 

or ^ 

= — 7,500 

The minus sign means that F/' is a push, hence the member 
2¥ is under compression of 7,500 pounds, a result agreeing with 
that previously found. 
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2 . It is i-e(|mrecl to find tlie stress in the member (jh of the 
truss rt'|^)resentt“<I iu fi'tg. 25, duo to tbe loads sbown. 

If w-o i>uss a section cutting Ixj, (fh and /c, and consider the 
left part, we get Fig. 40, the forces on that part being the 2,000- 
pound load, the left reaction, and the forces F^, Fo and 13 exerted 


pound ioaa, me leit reacnuii, ioio j. ^ 2 exerted 

by the right ]iiirt on the left. To compute Fo it is simplest to 

use tie condition that the algebraic sum 
of all the vertical components equals zero. 
Thus, assuming that F 2 is a pull, and 
since its angle with the vertical is 80 ’, 

F, cos 30°-2,000 + 3,000 = 0; or, 



F, 


2,000 - 3,000 _ - 1,000 

cos 30'’ 0.800 


= -1,154. 


'<5) 


The minus sign means that F 2 is a push, 
hence the member is under a compression 
of 1,154 pounds. 

3 . It is required to determine the stress in the member bg 
of the truss represented in Fig. 25, due to the loads shown. 

If we pass a section cutting hg as in the preceding illnstra- 
don, and consider the left part, M'e get Fig. 40. To compute 
Fj it is simplest to write the moment equa¬ 
tion for all the forces using Joint 6 as 
origin. From a large scale drawing, we 
measure the arm of Fj^ to be 13.80 feet 
hence, assuming F^ to be a pull, 

FiX 13.80 

or, 


■ 2,000X8 + 3,000 X 10 


Fi: 


2,000 X 8 - 3,000 X 10 - 32,000 



13.86 


13.80 


|'4ooolbs. 

Fig. 42 


\ 26”34'X 

I N 

* __ 

% (4) 


= - 2,309. 

The minus sign means that Fj is a push; hence the member is 
under a compression of 2,308 pounds. 

The section might have been passed so as to cut members hg, 
fg, andy^eJ, giving Fig. 41 as the left part, and the desired force 
might be obtained from the system of forces acting on that part 
(3,000, 2,000, Fj, F 2 , and Fg.) To compute F^ we take moments 
about the intersection of Fg and Fs, thus 
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Fj X 13.80 - 2,000 X S 3,000 X 10 = 0. 

This id tlie same equation as was obtained in tlie first solution, 
and lienee leads to tlie same result. 

4. It is required to determine tfie stress in tlie nieiuber 12 
of tlie truss represented in Fig. 20, due to tlie loads shown. 

Passing a section cutting members 12 and 14, and consider¬ 
ing the left part, we get Fig. 42. To determine we may write 
a moment equation preferably with origin at joint 4, thus: 

Fi >C 4.47 -h 4,000 x 10 = O^q 
_ 4.000 X 10 ^ ^ . 

or, Iq =- 5747 -~ “ 8,048 jiounds, 

the niiiiiis sign meaning that the stress is compressive. 

Fj mioiit be determined also bv writiim tlie alfijebraic sum of 

■*■0 e. !7? 
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Fig. 4.3. 


the vertical components of all the forces on the left part equal to 
zero, thus: 

Fj sin 20= 34' + 4,000 = 0; 


- 4,000 
sin 20= 34' 


- 4,000 
0.447 


8,948, 


agreeing ^^'ith the first result. 


EXAMPLES FOR PRACTICE. 


1. Determine by the method of sections the sti'esses in mem¬ 
bers 23, 25, and 45 of the truss represented in Fig. 26, due to the 
loads shown. 

r Stress in 23 = — 6,600 pounds, 
Ans. } Stress in 25" = — 3,350 pounds, 

I Stress in 45 == + 8,000 pounds. 


* The arm of Fi with respect to (4) is 4.47 feet. 
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2, Detei'juine tli© stress6s in tlie meitibers B4:j and. 56 

of the truss represented iu Fig. 27, due to the loads shown. 

Stress in 11,170 pounds, 

Stress in Hi —- + 10,000 pounds, 
Stress in]^ =-- - S,940 pounds, 
Stress in'66 = + 6,000 pounds. 


Ans.- 


e-W 



SSOlbs 



40. Complete Analysis 
of a Fink Truss. As a final 
illustration of analysis, we 
shall determine the stresses 
in the members of the truss 
represented in Fig. 43, due to 
permanent, snow, and wind 
loads. This is a very com¬ 
mon type of truss, and is 
usually called a “ Fink ” or 
“French” truss. The trusses 
are assumed to be 15 feet 
apart; and the roof covering, 
including purlins, such that it 
weighs 12 pounds per square 
foot. 

The length from one end 
to the peak of the truss equals 


+ 30- = 1 / 1,125 = 33.54 feet, 
hence the area of the roofing sustained by one truss equals 
(33.64 X 15) 2 = 1,006.2 square feet, 
and the weight of that portion of the roof equals 
1,006.2 X 12 = 12,074 pounds. 
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The probable weight of the trus^ (steel), acoordiug to tbe foriuula 
of Art. 19, is 

no 

15 X no (8,00)0 poiincls. 

The total permanent load, therefore, equals 

12,074 4“ 3,060 == 15,184 poitnds; 

the end loads equal of the total, or 950 pounds, and the other 
apex loads equal of the total, or 1,900 j)Ounds. 

Dead Load Stress, To determine the dead load stresses, 
construct a stress diagram. Evidently each reaction equals one-half 
the total load, that is 7,000 pounds; therefore ABCDEFGITIJKA 
(Fig. 44i) is a polygon for all the loads and reactions. First, we 
draw the polygon for joint 1; it is KABLIv, BL and LK repre¬ 
senting the stress in ll and (see record Page 72 for values). 
Next draw the polygon for Joint 2; it is LBCAIL, CM and ML 
representing the stresses in and ml. Next draw the polygon 
for Joint 3; it is IvLMNK, MN and NK representing the stresses 
in mn and '?Ji\ 

At each of the next Joints (4and 5), there are three unknown 
forces, and the polygon for neither Joint can he drawn. "We might 
draw the polygons for the Joints on the right side corresponding 
to 1, 2, and 3, but no more until the stress in on© of certain mem¬ 
bers is first determined otherwise. If, for instance, we determine 
by other methods the stress in r7i\ then we may construct the poly¬ 
gon for Joint 4; then for 6, etc., without further difficulty. 

To determine the stress in w© pass a section cutting 
qr^ and eq^ and consider the left part (see Fig. 44c). The arms 
of the loads with respect to Joint 8 are 7.5, 15, 22.5, and 30 feet; 
and hence, assuming F^ to he a pull, 

--Fi X 15--1,900 X 7.5--1,900 X 15--1,900 X 22.5-950x30 
+ 7,600 X 80 = 0; or, 

-1,900 X 7.5 -1,000 X 15-1,900 X 22.5^-950 X 30 + 7,600 X 30 

-^ jg 

== 7,600 pounds. 

Since the sign of Fj is plus, the stress in is tensile. 
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On account of the symmetry of loaJing, tlie stress in any 
member on the right side is just like tlint in tlie corresponding 
member on the left; hence, it is not necessary to draw the diagram 
for the right half of the truss. 

Snow-Load Stre&s. The area of liorisco/iial 2 »r<.»jection of the 
roof which is supported by one truss is (iO X lo = 900 square 
feet; hence the snow load home by one truss is 900 X 20 = 18,000 
pounds, assuming a snow load of 20 pounds per horizontal 
square foot. This load is nearly 1.2 times the dead load, and 
is applied similarly to the latter; hence the snow load stress in 
any member equals 1.2 times the dead load stress in it. TTe 
record, therefore, in thethu’d column of the stress record, numbers 
equal to 1.2 times those in the second as the snow-load stresses. 

Wind Load Stress. The tangent of the angle which the 
roof makes with the horizontal equals or -1; hence the angle is 
2G° 34:', and the value of wind pressure for the roof equals 
practically 29 pound s per square foot, accordi ng to Art. 19. As pre¬ 
viously explained, the area of the roof sustained by one truss equals 
1,006.2 square feet; and since but one-half of this receives wind 
pressure at one time, the wind pressure borne by one truss equals 

503.1 X 29 = 14,589.9, or practically 14,600 pounds. 

When the wind blows from the left, the apex loads are as 
represented in Fig. 45^?, and the resultant wind pressure acts 
through joint 5. To compute the reactions, we may imagine the 
separate wind pressui’es replaced by their resultant. We shall 
suppose that both ends of the truss are fixed; then the reactions 
will be parallel to the wind pressure. Let Kj and II 2 denote the 
left and right reactions respectively; then, with respect to the 
right end, the arms of Rj and the resultant wind pressure (as may 
be scaled fi’om a drawing) are 10.77 -|- 36.89 and 36.89 feet 
respectively; and with respect to the left end, the arms of lioand 
the resultant wind pressure are 16.77 30.89 and 16.77 feet 

respectively. 

Taking moments about the right end we find that 

- 14,600 X 36.89 + il,X (16.77 + 36.89) = 0; 

14,600 X 86.89 

or, It,- _ 


10,085 poxiuds* 
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Tiddii'-- lunmeiiln a]>out tliu left end, we Hud that 

Il.tJOO . ; 1»*.TT — It_,X (K'.TT + 36.89) = 0 ; 
14.600 >: 16 .“; 7 


or. 




16.77 -i- 36.89 


4,iS0,5 pounds. 


To deteriuiue the stresses in the members, we construct a 
st.-ess <lia-raiu. In Fig. 4oi, AB, BO, CD, DE, and EF represent 
the u iud loads at the successire joints, beginning with joint 1. 
The point F is also marked G, II, I, and J, to indicate the fact 
that there are no loads at joints 9, 10, 11, and 12. JK represents 
tlic reaction, and tliB left reaction. 

AVo may draw the polygon for joint 1 or 12; for 1 it is 
IvABLK, BL and LK representing the stresses in l>l and lA We 
muv next draw the polygon for-joint 2; it is LBCML, CM and 
ML representing the stresses in cui and 


Stress Record. 


MEMBER. 


M 

an 

dp 

iltl 


m Ji 
no 
op 

P<1 

rq 

VO 

kl 

kn 

Icr 

hv 

kx 


Til 

rs 

st 

tu 

tin 

vw 

tcx 


hiv 


ix 


STRESSES. 


Dead Load. 

Snow Load. 

Wind Left. 

Wind Eiffh-t. 

Ecsiiltaut. 

Resultant. 

-14,700 
-13,700 
-12,GOO 
-11,600 

- IfiW 
+ 1,G50 

- 3,300 
+ 1,850 

- 1,650 
+ 5,000 
+ 3,400 
--13,300 
—11,300 

- 8,000 
--11,300 
—13,300 

- 3,400 
'— o,000 

- 1,650 
+ 1,850 

- 3,300 
-f 1,650 

- 1,650 
-11,600 
-12,600 
-13,700 
-14,700 

-17,600 
-16,400 
-15,100 
-13,900 

- 2,000 I 

4- 2,000 

- 4,000 ' 
-f- 2,200 

- 2,000 
-f- 6,000 

4,100 
-4-16,000 
-f 13,600 
-i- 9,600 
-4-13,600 
+16,000 
+ 4,100 
+ 6,000 1 
- 2,000 
+ 2,200 
- 4,000 
+ 2,000 
' - 2,000 

1 -13,900 

-15,100 
-16,400 
—17,600 

- 16,400 
-15,900 
-15,400 
-14,900 

- 3,700 
+ 3,TOO 

- 7,400 
+ 4,100 

- 3,700 
+11,000 
+ 7,400 
+18.300 
+14,200 i 

+ 6,100 I 
+ 6,100 
+ 6,100 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

+ 6,100 
+ G,100 
+ 6,100 
+14,200 
+18,300 
+ 7,400 
+11,000 
-f- 3,700 
+ 4,]00 

- 7,400 

- 3,700 

- 3,700 
• -14,900 

-15.400 
-15,900 
-16,400 

- 48.700 
-46.000 
-4.8,100 
-40.400 

i - 7.350 
-{- 7.350 
-14,700 
+ 8,160 

- 7,a50 
4-22,000 
-t-14,900 
4-47,600 
4-39,100 
4-2.3,700 
-f39,100 
-1-47,600 
-fl4,900 
4-22,000 

- 7,360 
-h 8,150 
-14,700 
-f- 7,350 

- 7,350 
-40,400 
-43,100 
-46,000 
-48,700 

i 

- 32,300 

- 30,100 

- 28,000 

- 26,500 

- 5,350 
+ 5.350 
-10.700 
+ 5,950 

- 5,350 
+16.000 
+10,800 
+31,600 
+25,500 
+i7,eco 
+25,500 
+31,600 
+10,800 
+16,000 

- 5,350 
+ 5,950 

. -10,700 

+ 5,350 

- 5,350 
-26,500 
-28,000 
-30,100 
-32,300 
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We rnuy draw next the polygon for joint 3 ; it is IvLMjSTK, UN 
and NK representing the stresses in imb and No polygon for a 
joiiit on the left side can now be drawn, but we may begin at the 
right end. For joint 13 the polygon is JKXIj/ IvX and XI 
representing the stresses, in Zv? and ir/. 

At joint 11 there are three forces ; and since they are 
balanced, and two act along the same line, those two must be equal 
and opposite, and the third must equal zero. Hence the point X 
is also marked W to indicate the fact that XW, or the stress in 
xu\ is zero. Then, too, the diagram shows that WH equals XI. 
Haying just shown that there is no stress in there are but 

three forces at joint 13. Since two of these act along the same 
line, they must be equal and opposite, and the third zero. There¬ 
fore the point W is also marked V. to indicate the fact that WV, 
or the stress iii equals zero. The diagram shows also that YK 
equals XIv. This same argument applied to joints 9, 15, 10, and 
14 successiyely, shows that the stresses in sty tuy uvy 'ury and 
sr respectiyely equal zero. For this reason the point X is also 
marked UTS and H. It is plain, also, that the stresses in sf and 
tg equal those in and «/’/, and that the stress in Jcr equals that 
in 7cv or 7iX\ Hememhering that we are discussing stress due to 
wind pressure only, it is plain, so far as wind pressure goes, that 
the intermediate members on the right side are superfluous. 

We may now resume the construction of the polygons for the 
joints on the left side. At joint 4, we know the forces in the 
members and Avq hence there are only two unknown forces 
there. The polygon for the joint is KNORK, NO and OR repre¬ 
senting the stresses in and Oi\ The polygon for joint 6 may 
be drawn next ; it is ONMODPO, DP and PO representing the 
stresses in dj> and The polygon for joint 6 or joint 7 may be 

drawn next ; for 0 it is PDEQP, EQ and QP representing the 
stresses in eg and qj>. At joint 7 there is but one unknown force, 
and it must close the polygon for the known forces there. That 
polygon is ROPQ ; hence QR represents the unknown force. (If 
the work has been correctly and accurately done, QR will be 
parallel to gx). 

When the wind blows upon the right side, the values of the 
reactions, and the stresses in any two corresponding members, are 
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reverse<L Tiiusj ^\]leu tliu ^viiul ]>luAVi3 upon the left side, the 
streririos in 77 and i^(|ual lS,d()0 and 0,100 pounds respectively ; 
and wlieii it blows upon the right they are respectively 6,100 and 
pounds. It is not necessary, therefore, to construct a stress 
diagram fur tlie wind ■{)ivssure on the right. The numbers in the 
lifth colninn (see table, Page 72) relate to wind right, and were 
o])tained from those in the fourth. 

4i. Combination of Dead, Snow, and Wind^Load Stresses. 
After having fouiid the stress in any member due to the separate 
loads (dead, snow, and wind), we can then find the stress in that 
member due to any combination of loads, by adding algebraically 
the stresses due to loads separately. Thus, in a given member, 
suppose; 

Dead-load airt‘ss = -f-10,000 pounds, 

fcjnow-load =-j- 

Wind-load ‘‘ (rig-lit) = - 32,000 
‘‘ (leftj = + 4,000 

Biiice the dead loinl is permanent (and hence the dead-load stress 
also) the ivsulttint stress in the member when there is a snow load 
and no wind pressure, is 

+ 10,000 -J" 15,000^ + 25,000 pounds (tension) ; 

when there is wind pressure on the right, the resultant stress 
equals 

+ 10,000 — 12,000 = — 2,000 pounds (compression) ; 

when there is wind pressure on the left, the resultant stress is 

+ 10,000 -f- 4,000 = + 14,000 pounds (tension) ; 

and when there is a snow load and wind pressure on the left, the 
resultant stress is 

+ 10,000 + 15,000 + 4,000== + 29,000 pounds (tension). 

If all possible combinations of stress for the preceding case be 
made, it will be seen that the greatest tension which can come 
upon the member is 29,000 pounds, and the greatest compression 
is 2,000 pounds. 

In roof trusses it is not often that the wind load produces a 
reversal of stress ’’ (that is, changes a tension to compression, or 
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vJcehut in. bridge trusses tbe ivjiling loads often j>roJucp 
reversals in some of the iiieiubers. In a record of stresses the 
reversals of stress should always be nottMl^ and also the value of 
the greatest tension and coin]>ression for each one. 

The numbers in the sixth coliiiiiii of the reeord i Piure 72) are 
the values of the greatest rt\sultaixt stress hu' each nieinher. It is 
sometimes assumed that tlie greatest snow and win(lloa<ls will not 
come upon the truss at tlie same time. On this assumption the 
resultant stresses are those given in the seventli column. 


EXAMPLE FOR PRACTICE. 


1. Compile a complete record for the stresses in the truss of 
Fig. 24, fordead, snow, and wind loads. Bee Example 1, Article 
27, for values of dead-load stresses, and Example 2, Article 20, 
for values of the wind-load stresses. Assume the snow load to 
equal 1.2 times the dead load. 

After the record is made, compute the greatest possible stress 
in each member, assuming that the wind load and snow load will 
not both come upon the truss at the same time. 

The greatest resultant stresses are as follows: 


Member. 
Result¬ 
ant. ... 


1 

j 

t’ff 1 f'j 

g?i 1 h i 

lie 1 ie 

1-14,950 

+17,80Ci 

-10,400^8,900 

-f7,8(X);-S.900' 

-11,800+13 


id 

-13,SCO 


43. Truss Sustaining a Roof of Changing Slope. Fig 40 

represents such a truss. Tlie weight o£ the truss itself can be esti¬ 
mated by means of the formula of Art. 19. Thus if the distance 
between trusses equals 13 feet, the weight of the truss equals 

= 12 X 32 ( ~ + 1) 875 pounds. 

<wO 


The weight of the roofing equals the product of the area of 
the roofing and the weight per unit area. The area equals 13 
times the sum of the lengths of the members 12, 23, 34, and 45, 
that is, 12 X 30^ = 438 square feet. If the roofing weighs 10 
pounds per square foot, then the weight of roofing sustained by 
one truss equals 438 X 10 = 4,.380 pounds. The total dead load 
then equals 

875 -f- 4,380 = 5,255 pounds; 



*70 


STATICS 


t;i" Ufuil ’otiil-i f(ir jdintri 2, und 4 equal: 

^ = l.;!l {- (<ir ajqiroxiiuately l,300j pounda; 

while file load-i fup joints? 1 und 5 equal 

; ' ij,r25-'» •-I'loT ('or ajiproximatel-y 050j pounds?. 

The snow loads for the joints are found by computing the 
snow loud on e;ieh Bepsxr.ite slope of the roof. Thus, if the snow 



weighs 20 j sounds per square foot ^horizo ntal), tho load on the portion 
12 e(pials 20 times the area of the horizontal projection of the por¬ 
tion of the roof ivpresented by 12. This horizontal projection equals 
S )< 12 (= OGj square feet; snow load equals 96 X 20 (= 1,920) 
pounds. This load is to be equally divided between joints 1 and 2, 

In a similar w'ay the snow load borne by 2^ equals 20 times 
the area of the horizontal projection of the roof represented by 28; 
this horizontal projection equals S X 12 ( = 00) square feet as 
before, and the snow load hence equals 1,920 pounds also. This 
load is to be equally divided between joints 2 and 3. 

Evidently the loads on parts ^and 45" also equal 1,920 
pounds each; hence the apex loads at joints 1 and 5 equal 960 
pounds and at joints 2, 3 and 4, 1,920 pounds. 
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Tlio wind Joad inutit be eoinjtuted fur eacli sbijie of tlie roof 
separately. Tin* angles wliieli 12 and 2d make with the horizontal, 
scale Y)ractically 87 and 1-j degrees. According to the table of 
wind pressures (Art. 10), the pressures for these slopes equal 
about So and 20 pounds per square foot respectirely. Since iiieiii- 
ber 12 is 10 feet long, the wind pressiire on the ST-degree slope 
equals 10 X 12 X 85 = ■1,200 pounds. 

This force acts perpendicularly to the member 12, and is to 
be equally divided between joints 1 and 2 as represented in the 
figure. Since the member 28 is 8^ feet long, the wind pressure 
on the l5-degree slope equals 

8^- X 12 X 20 = 1,980 or approximately 2,000 pounds. 

This pi’esstire acts perpendicularly to member 28, and is to be 
equally divided between joints 2 and 3 as represented. 

The stress diagram for dead, snow, or wind load for a truss 
like that represented in Fig. 40, is constructed like those previously 
explained; but there are a few points of difference in the analysis 
for wind stress, and these will be explained in Avhat follows. 

JE:minj>le. Let it be required to determine the stresses in the 
truss of Fig. 46, due to wind loads on the left as represented. 

It is necessaiy to ascertain the reactions diie to the wind loads; 
therefore, find the resultant of the wind pressures, see Art. 32; it 
equals 0,120 pounds and acts as shown. Now, if both ends of the truss 
are fastened to the supports, then the reactions are parallel to the 
resultant wind pressure, and their values can be readily found from 
moment equations. Let Rj and Rj denote the left and right reac¬ 
tions respectively; then, since the arms of R^ and the resultant 
wind pressure with respect to the right end equal 27.8 and 19.9 
feet respectively, 

R, X 27.8 = 0,120 X 19.9 = 121,788 ; 

121 7<SS 

hence, Rj = = 4,380 pounds approximately. 

Since the arms of R^ and the resultant wind pressure with respect 
to the left support are 27.8 and 7.9 feet respectively, 

R^X 27.8 = 6,120 X 7.9 == 48,348 ; 



Ans. 


STxiTIOS 




lieiK.* 



4-^M^ 

'd I .b 


],T40 j:K>iuids appi’oxiinately. 


Ti;e nt^xt stf[» is to draw the 2 )ulyoou for the loads and reactions ; 
to we draw lines AIJ, flC, (.T>, and I>E to re[)resent the loads at 
joint 3, the two at joint 2, and that at joint 3, respectively ; and 
then EF to re]>resent the rioht reaction. the reactions have 

been correctly determined and the drawiuw accurately done, then 
FA will represent the left reaction.} 

The truss diagram should now be lettered (agreeing with the 
letters oil the polygon just drawn), and then the construction of 
the stress diagram may be begun. Since this construction px'esents 
no points not already explained, it will not be here carried out. 


EXAMPLE FOR PRACTICE. 

Analyze the truss of Fig. 40 for dead, snow, and wind loads 
as computed in the foregoing, and comjiiite the greatest resultant 
stress in each member due to combinetl loads, assuming that the 
snow and wind do not act at the same time. 


Stress Record. 


bt*r. 

i 

f Dea<l. 

1 

j Snow. 

Wind Loft. 

Winil Rigrhfc. 

Bjsuitant* 

12 

-.3,2.50 

-4,800 

-3,450 

-2,500 


-8,050 

23 

-2,700 

1 

-4,000 

-2,850 

-3,100 


-6,700 

16 

i +2,600 

—i-3,So0 

+3,750 

+1,150 


+6,450 

26 

0 

0 ‘ 

-2,000 

i 

+1,250 


-2,000 

+1,250 

38 

0 

0 

1 + iSO 

“|— 450 


+ 450 

46 

0 

0 

+1,250 

-2,000 

s 

+1,250 
-2 000 

56 

+2,600 

+3,850 

+1,150 

+3,750 


+6,450 

43 

-2,700 

-4,000 

-3,100 

-2,8.50 


-6,700 

54 

-3/250 

-4,800 

-2,500 

-.3,450 


-8,050 
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MASONRY CONSTRUCTION. 


PART I. 


STRUCTURAL MATERIALS. 

Classification of Natural Stones. The rocks from which the 
stones for building are selected are classified according to (1) their 
geological position, (2) their physical structure, and (3) their chemical 
composition. 

Geological Classification. The geological position of rocks 
has but little connection with their properties as building materials. 
As a general rule, the more ancient rocks are the stronger and more 
durable; but to this there are many notable exceptions. According 
to the usual geological classification rocks are divided into three 
classes, viz.: 

Igneous, of which greenstone (trap), basalt, and lava are ex¬ 
amples. 

MetamorpMc, comprising granite, slate, marble, etc. 

Sedimentary, represented by sandstones, limestones, and clay. 

Physical Classification. With respect to tlie structural char¬ 
acter of their large masses, rocks are divided into two great classes: 
(1) the unstratified, (2) the stratified, according as they do or do not 
consist of flat layers. 

The unstratified rocks are for the most part composed of an 
aggregation of crystalline grains firmly cemented together. Granite, 
trap, basalt, and lava are examples of this class. All the unstratified 
rocks are composed as it were of blocks which separate from each 
other when the rock decays or when struck violent blows. These 
natural joints are termed the line of cleavage or rift, and in all cutting 
or quarrying of unstratified rocks the work is mudi facilitated by 
taking advantage of them. 

The stratified rocks consist of a series of parallel layers, evidently 
deposited from water, and originally horizontal, although in most 
cases they have become more or less inclined and curved by the action 
of disturbing forces. It is easier .to divide them at the planes of divi- 
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sic.ii iH-twceu these layers than el.se^vhere. Besides its principal layers 
<»r strata, a tnuss of .stratified roek is in j^eiteral capable of division into 
thill! !(■!• layers; and, althoiti>'h the surfaces ol division of the thinner lay¬ 
ers arc often parallel to those of the strata, they tire also oftenphliqiie 
or even perjjendieiilar to ihein. '^J’his constitutes a lamiunfed striictui e. 

Tanninated stones resist pressure more strongly in a direction 
perpendictilai to their lamime than parallel to them; they are more 
tenacious in a direction parallel to tlieir lamina than perpendicular 
to them.; and they are more durable with the edges than with the 
sides of their lamina; exposed to the weather. Therefore in building 
thev should he placed with their laminse or “beds” perpendicular 
to \he direction of greatest pressure, and with tlie edges of these 
lamina* at the face of the wall. 

Chemical Classification. The stones used in building are 
divided into three classes, each ilistinguished by the predominant 
mineral which forms the chief constituent, viz.: 

Silicioius stones, of which granite, gneiss, and trap are examples. 

Ariyillaccoua .stones, of which clay, slate, and porphyry are 
examples. 

Calcareous stones, representetl by limeistones and marbles. 

REQUISITES FOR GOOD BUILDING STONE, 

The requisites for good building stone are durability, strength, 
cheapness, and beattty. 

Durability. The durability of .stone is a subject upon which 
thei'e is veiy little reliable knowledge. The durability will depend 
upon the chemical composition, physical structure, and the position 
in which the stone is placed in the work. The same stone will vary 
itreatlv in its durability according to the nature and extent of the. 
atmospheric influences to which it is subjected. 

The sulphur acids, carbonic acid, hydrochloric acid, and traces 
of nitric acid, in the smoky air of cities and towns, and the carbonic 
acid in the atmosphere ultimately decompose any stone of which 
either carbonate of lime or carbonate of magnesia forms a consid¬ 
erable part. 

Wind has a considerable effect upon the durability of stone. 
High 'winds blow sharp particles against the face of the stone and 
thus grind it away. Moreover, it forces tlie rain into the pores of 
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the stone, and may thus cause a eonsklerable <lepth to be subject 
to the effects of aci{ls and frost. 

In winter water penetrates porous stones, free/.es, expands, and 
disintegrates the surface, leaving a fresli surface to be similarly 
acted upon. 

Strength is generally an indispensable attribute, especially 
under compression and cross-strain. 

Cheapness is influenced by the ease with which the stone can 
be quarried and worked into the variotis forms required. Cheapness 
is also affected by abundance, facility of transportation, and prox¬ 
imity to the place of use. 

Appearance. The requirement of beauty is that it should 
have a pleasing appearance. For this pui'pose all varieties contain¬ 
ing much iron should be rejected, as they are liable to disfigurement 
from rust-stains caused by the oxidation of the iron under the influ¬ 
ence of the atmosphere. 

TESTS FOR STONE. 

The relative enduring qualities of different stones are usually 
ascertained by noting the weight of water they absorb in a given 
time. The best stones as a rule absorb the smallest amount of water. 

Some stones, however, come from the quarry soaked with water 
and in that condition are very soft and easily worked. Upon expo¬ 
sure to the atmosphere they gradually dry out and become very hard 
and durable. The Bedford limestone of Indiana forms an example 
of this kind of stone, and the stone in many of the public buildings 
throughout the United States may be seen in the process of ^Sveath- 
ering^\ indicated by the mottled appearance of the walls. 

To determine the absorptive power, dry a specimen and weigh 
it carefully, then immerse it in water for 24 hours and weigh again. 
The increase in weight will be the amount of absorption. 

TABLE 1 . 

Absorptive Power of Stones- 

Percentage of W’ater 
Absorbed. 

Granites. 0.06 to 0.15 

Sandstones. 0.41 “ 5.48 

Limestones . 0.20 “ 6.00 

Marbles. 0.08 “ 0.16 
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Effect of Frost <,Iirurd\s Tent). To aHC'crluin the ciTect of 
iVorif, soiiill pieces of the stone are iiiimersecl in a concentrated boiling? 
,-,oli:tit)ii of sniphatc of soda (Glaul>er’s salts), and then hung up for 
a fev.- <iays in flic air. The salt crystallizes in the pores of tlie stone, 
.-lOinfahiies forcing oil’ bits from the comers and arrises, and occa¬ 
sionally detacliing laiger fraginenls. 

The stone is weighed before and after submitting it to the test. 
The difference of weight give.s the amount detached by disizitegra- 
tion. 'ri:e greater this is, the worse is the quality of the stone. 

Effect of the Atmosphere (Acid Test). Soaking a stone 
for several <!ays in water containing i per cent of sulphuric and 
hydrocliolrie acids will afford an idea as to whether it will stand 
the atmosphere of a large city. If tire stone contains any matter 
likely to be dissolved by the gases of the atmosphere, the water 
will be more oi' less cloudy or muddy. 

A <Irop or two of acid on the surface of a stone 'vsnll create an in¬ 
tense effervescence if there is a large proportion present of carbon¬ 
ate of lime or magnesia. 

PRESERVATION OF STONE. 

A gi’eat many preparations have been need for the prevention 
of the decay of building stones, as paint, coal-tar, oil, beeswax, 
rosin, paraffine, soft-soap, soda, etc. .All of the methods are expen¬ 
sive, and there is no evidence to show that they afford peraianent 
protection to the stone- 

ARTIFICIAL STONES. 

Brick is an artificial stone made by submitting clay, which has 
been suitably prepared and moulded into shape, to a temperature 
of sufSeient intensity to convert it into a semi-vitrified state. The 
quality of the brick depends upon the kind of clay used and upon 
tlie care bestowed on its preparation. 

The clays of w'hieh brick is made are chemical compounds con¬ 
sisting of silicates of alumina, either alone or combined with other 
substances, such as iron, lime, soda, potash, magnesia, etc., all of 
wlfich influence the character and quality of the brick, according as 
one or the otlier of those substances predominates. 
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TABLE 2. 

Specific Gravity, Weight and Resistance to Crushing of Stones. 


Kinds of Stone 

Specific Gravity 

Weight, pounds 
per cubic foot 

Kesistance to 
crushing, pounds 
per sq. in. 

Granite— 




minimum. 

2.60 

163 

12,000 

maximum. 

2.80 

176 

35,000 

Trap— 



minimum. 

2.86 

178 

19,000 

maximum. 

3.03 

189 

24,000 

Gneiss, average. 

2.70 

168 

19,600 

Syenite, average. 

2.64 

167 

30,740 

Sandstones— 




minimum. 

2.23 

137 

5,000 

maximum. 

2.75 

170 

18,000 

Limestones— 



minimum. 

1.90 

118 

7,000 

maximum. 

2.75 

175 

20,000 

Marbles — 



minimum. 

2.62 

165 

8,000 

maximum. 

2.95 

179 

20,000 


Iron gives hardness and strength; hence the red brick of the 
Eastern States is often of better quality than the white and yellow 
brick made in the West. Silicate of lime renders the clay too fusible 
and causes the bricks to soften and to become distorted in the pro¬ 
cess of burning. Carbonate of lime is at high temperatures changed 
into caustic lime, renders the clay fusible, and when exposed to the 
action of the weather absorbs moisture, promotes disintegration, and 
prevents the adherence of the mortar. Magnesia exerts but little 
influence on the quality; in small quantities it renders the clay fusible; 
at G0° F. its crystals lose their water of crystallization, and cold water 
decomposes them, forming an insoluble hydrate in the fonn of a wliite 
powder. In air-dried brick this action causes cracldng. The alkalies 
are found in small quantities in the best of clays; their presence tends 
to promote softening, and this goes on the more rapidly if it has 
been burned at too low a temperature. Sand mixed with the clay 
in moderate quantity (one part of sand to four of clay is about the 
best proportion) is beneficial, as tending to prevent excessive shrinking 
in the fire. Excess of sand destroys the cohesion and renders the 
brick brittle and weak. 
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MANUFACTURE OF BRICK. 


Tlie inainifactuiv 


<)i“ l>ri('k may be classifietl 


under the 


following 


F t-ea I'Cffiuti of tiu- Half, either by manual or mechanical power. 

Pu mratlon of ihr chnj consists in (a) removing stones ami me¬ 
chanical impurities; ih) tempering and moulding, which JS now 
<lone almost wholly by machinery'. There is a great variety of 
machines fur tempering and moulding the clay, which, I’^evei, 
mav be grouped into three classes, according to the condition of 
the clay when moulded: (2) soft-mud machines, for which the clay 
i.s reduceel to a soft mud by atlding about one cjuarter of its volume 
of water; (2) stilf-inud machines, for which the clay is ^reduced to 
a stiff mud; fS) dry-clay machines, with wdiich the dry or nearly dry 
clav is forcetl into the moulds by' a heavy pressure without haying 
been reduced to a plastic mass. These machines may also be divided 
into two classes, accortling to the method of filling the moulds: (1) 
those in which a 0*001111110113 stream of clay is forced from the pug- 
mill through a die and is afterwards cut up into brides; and (2) those 
in which the clay is forced into moulds moving under the nozzle of 


the pug-mill. ^ • xi. 

Dn/mg and Burning. The bricks, having been dried in the 

open air or in a drying-house, are burned in kilns; the time of burn¬ 
ing varies with the character of the clay, the form and size of the kiln, 
and the kind of fuel, from six to fifteen days. 

Color of Bricks depends upon the composition of the clay, 
the moulding sand, temperature of burning, and volume of air ad¬ 
mitted to the kiln. Pure clay free of iron will bum white, and 
mixing of chalk with the clay will produce a like effect. Iron pro¬ 
duces a tint ranging from red and orange to light yellow, according to 
the pi'oportion of the iron. 

A large proportion of oxide of iron mixed with pure clay will 
produce a hvight fcd^ and where there is from S to 10 per cent, and 
the brick is exposed to an intense heat, the oxide fuses and produces a 
dark blue or purple, and with a small volume of manganese and an 
increased proportion of the oxide the color is darkened even to a black. 

A small volume of lime and iron produces a crcavi color, an in¬ 
crease of iron produces red, and an increase of Mrae-hrown. Magnesia 
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in presence of iron produces yellow, and clay containing alkalies and 
burned at a high temperature produces a bluish green. 

The best quality of building brick and probably the majority 
of paving brick or block, are manufactured from shale. The process 
of manufacture is similar to that of clay-brick, the shale being first 
ground very fine. If the shale is nearly free from impurities, the 
resulting product will be a cream colored brick. To give the l:)rick 
any desired color, the shale is mixed with clay containing the proper 
proportions of lime, iron, or magnesia, giving almost any shade from 
a cream to a dark wine color or e^^en a black. 

Classificatioji of Brick. Bricks are classified according to (1) 
the w’ay in which they are moulded; (2) their position in the kiln 
while being burned; and (3) their form or use. 

The method of moulding gives rise to the following terms: 

Soft-mud Brick. One moulded from clay which has been re¬ 
duced to a soft mud by adding water. It may be either hand-moulded 
or machine-moulded. 

Stiff-mud Brick. One moulded from clay in the condition of 
stiff mud. It is always machine-moulded. 

Finessed Brick. One moulded from dry or semi-dry clay. 

Rc-pressed Brick. A soft-mud brick which, after being par¬ 
tially dried, has been subjected to an enormous pressure. It is also 
called, but less appropriately, pressed bidck. The object of the 
re-pressing is to render the form more regular and to increase the 
strength and density. 

Sanded Brick. Ordinarily, in making soft-mud brick, sand 
is sprinkled into the moulds to prevent the clay from sticking; the 
brick is then called sanded brick. The sand on the stirfacc is of 
no advantage or disadvantage. In hand-moulding, when sand is 
used for this purpose, it is certain to become mixed with the clay 
and occur in streaks in the finished brick, which is very undesirable. 

Machine-made Brick. Brick is frequently described as ‘^machine 
made^"; but this is very indefinite, since all grades and kinds are 
made by machinery. 

When brick was generally burned in the old-style up-draught 
kiln, the classification according to position was important; but wfith 
the new styles of kilns and improved methods of burning, the quality 
is so nearly uniform throughout the kiln that the classification is less 
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important. I'lirce grades of brick are taken from the ol<l-stvle kiln: 

.lr<7/ or Clinker Bricka. TIio.se wliicli form the top,s and sides 
of the arohes in which the fire is built. Being overburned and par¬ 
tially vitriflerl, they are hard, brittle, and weak. 

Bud If, Cherry, or Hard Bricks. Those taken from the interior 
of the pile. The best brides in the kiln. 

Bedmon, Pale, or Soft Bricks. Those which form the exterior 
of the mass. Being uiiderbumed, they are too soft for ordinary 
w(jrk, iinles.s it be for filling. The terms salmon and pale refer to the 
c< dor of ^hc brick, and hence are not applicable to a brick made of a 
clay that does not bum red. Although nearly all brick-clays burn 
rc<i, yet the localities where the contrary is true are sufficiently numer¬ 
ous to make it desirable to use a different term in designating the 
(lualifif. There is not necessarily any relation between color, and 
strength and density. Brick-makers naturally have a prejudice 
against the term soft brick, which doubtless explains the nearly uni¬ 
versal prevalence of the less appropriate term salmon. 

The form or use of bricks gives rise to the following classification: 

Compass Brick. Those having one edge shorter than the other. 
Used in lining shafts, etc. 

Feathcr-edge Brick. Those of which one edge is thinner than 
the other. Used in arches; and more properly, but less frequently, 
called voitssoir brick. 

Front or Face Brick. Those which, owing to uniformity of size 
and color, are suitable for the face of the walls of buildings. Some¬ 
times face bricks are simply the best ordinary brick; but generally 
the term is applied only to re-pressed or pressed brick made especially 
for this purpose. They are a little larger than ordinary bricks. 

Sewer Brick. Ordinary hard brick, smooth, and regular in form. 

Kiln-run Brick. All the brick that are set in the kiln when 
burned. 

Hard Kiln-riin Brick. Brick burned hard enough for the face 
of outside walls, but taken from the kiln unselected. 

Rank of Bricks. In regularity of for7n re-pressed brick ranks 
fii\st, diy-ldln brick next, tlien stiff-mud brick, and soft-mud biick 
la.st. Regularity of form depends largely upon the method of burning. 

The compactnc,9s and uniformity of texture, which gi’eatly in¬ 
fluence the durability of brick, depend mainly upon the method of 
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inotikling. As a general rule, ]ian(l-nionltl{‘(l l)rieks are Ix'st in this 
respect, since the t’lay in them is more nnifonnly tempercfl befrjre 
1>cing moulded; hut this advantage is partially neutralised by the 
presence of sand-seams. Machine-moulded soft-mud bricks rank 
next in compactness and uniformity of texture. Then come machine- 
moulded stiti-mud bricks, -which varv grcatlv in diirabilitv with the 
kind of machine used in their manufacture. By some of the machines 
tlie brick is moulded in layers (parallel t<j any face, according to the 
kind of machine) which are not thoroughly cemented, and which 
separate under the action of frost. The diy-clay brick comes last. 
However, the relative value of the products madc> by different pro¬ 
cesses varies with the nature of the clay used. 


TABLE 3. 


Size and Weight of Bricks. 

The variations in the dimensions of brick render a tabic of exact 
d imensions impracticable. 

As an exponent, however, of the ranges' of their dimensions, 
the following averages are given: 

Baltimore front."I 


Wilmington front. 

.... 1 

.... ^ 

Si 

in. 

X 

4-J 

in. 

X 


in. 

Washington front. 

....J 









Croton front.. 


84 

in. 

X 

4 

in. 

X 

2i 

in. 

IMaine ordinary. 


7-4 

in. 

X 

30 

in. 

X 

20 

in- 

Milwaukee ordinary.. .. 


81 

in. 

X 

4i 

in. 

X 

93 

— S 

in. 

North River, N. Y. 


8 

in. 

X 

3i 

in. 

X 

2i 

in. 

English. 


9 

in. 

X 

44 

in. 

X 

2i 

in. 


The Standard Size as adopted by the National Briekmakers’ Asso¬ 
ciation and the National Traders and Builders’ Association is for com¬ 


mon brick Si X 4 X 2i inches, and for face brick 8$ X 4i X 2i inches. 

Re-pressed Bride weighs about 1501b. per cubic foot, common brick 
125, inferior soft 100. Common bricks will average about 4J- lb. each. 

Hollow Brick, used for interior walls and furring, are usually 
of the following dimensions: 

Single, 8 in. long, SJ in. wide, 2^ in. thick. 

Double, 8 “ ‘‘ 7i “ “ 4i “ “ 


Treble, 


Roman Bride, 12 in. long, 4 to 4i in. wide, li in. thick. 
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TABLE 4. 


Specific Gravity, Weight, and Resistance *<> ^‘‘“^hing of Bricl^ 



1 ftpoi'llic gravity. 

Wei£?ht per eubif* 
foot, 1)0 u lids. 

Hesistaiice to 

1 Crushing, i)ound.s 

j Jliur hCi, 111. 

1 icst ] >resscc!. 

2.4 

150 

5,000 to 14,973 

(''oniniou hill’d; . 

l.G to 2.0 

125 

5,000 to 8,000 

St)ft. 

: 1-4 

i 

100 

450 to COO 


Fire-Brick are used wherever high temperatures are to he 
resisted. They arc made from fire-clay by processes very similar 
to those adopted in making ordmary brick. Fire-clay is also used 
in the manufacture of paving-biocks or pavers, especially in West¬ 
ern Indiana; and many of the streets of our Western cities .are laid 
%dth fire-clay block, forming a smooth and durable roadway. 

Fire-c-lay may be defined as native combinations of hydrated 
silicates of alumina, mechanically associated with silica and alumira 
in various states of subdivision, and suflSciently free from silicates of 
the alkalies and from iron and lime to resist vitrification at high tem¬ 
peratures. The presence of oxide of iron is very injurious; and, as 
a rule, the presence of G per cent justifies the rejection of the brick. 
The presence of 3 per cent of combined lime, soda, potash, and mag¬ 
nesia should be a cause for rejection. Tlie sulphide of iron—^pyrites 
—^is even wor.se than the substances first named. 

A good fire-clay should contain from 52 to SO per cent of silica 
anti IS to 35 per cent of alumina and have a uniform texture, a some¬ 
what greasy feci, and be free from any of the alkaline earths. 

fJoo<l fa-e brick should be uniform in size, regular in shape, 
homogeneous in texture and composition, strong, and infusible and 
break with a uniform and regular fracture. 

A properly burnt fire-brick is of a uniform color throughout its 
mass. A dark central patch and concentric rings of various shades 
of color are due mainly to the different states of oxidation of che 
iron and partly to the presence of unconsumed carbonaceous mat¬ 
ter, and indicates that the brick was burned too rapidly. 

Fire-brick are made in various forms to suit the required work. 
A straight brick measures 9 X 4^ X 2^ inches and weighs about 7 lb., 
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or 120 lb. per cubic foot; specific gravity C)ne cubic f(jot of 

wall rerpiire.s 17 9-inch brick.s; one cubic yar<l rcfniires 4G0. One 
ton of fire-clav should be sufficient to lav GOOO ordinaiw bricks. 

I u 

English fire-bricks measure 9 >C 41 X 2{ inches. 

To secure the best results fire-l)rick shoukl be laid in the same 
clay from which they are manufactured. It should Ije used as a 
thin paste, and not as mortar: the thinner the joint the better the 
furnace wall. The brick should be dipped in water as they are 
used, so that when laid they will not absorl) the water from the 
clay paste. They should then receive a thin coating of the prepared 
fire-clay, and be carefully placed in position with as little of the fire¬ 
clay as possible. 


CEriENTINQ HATERIALS. 

Composition. All the cementing materials employed in build¬ 
ings are produced by the burning of natural or artificial mixtures 
of limestone with clay or siliceous material. The active substances 
in this process and the ones which are necessary for the production 
of a cement, are the burned lime, the silica and the alumina, all of 
which enter into chemical combination with one another under the 
influence of a high temperature. 

Classification. Owing to the varying composition of the raw 
materials, which range from pure carbonate of lime to stones contain¬ 
ing variable proportions of silica, alumina, magnesia, oxide of iron, 
manganese, etc., and the different methods employed for burning, 
the product possesses various properties which regulate its behavior 
when treated with water, and render necessary certain precautions 
in its manipulation and use, and furnishes a basis for division into 
three classes; namely, common lime, hydraulic'lime, and hydraulic 
cements, the individual peculiarities of which will be taken up later. 

Common lime is distinguished from hydraulic lime by its failure 
to set or harden under water, a property which is possessed by hy¬ 
draulic lime to a greater or less degree. 

The limes are distinguished from the cements by the former 
falling to pieces (slaking) on the application of water, while the 
latter must be mechanically pulverized before they can be used. 

The hydraulic cements are divided into two classes, namely j 
natural and artificiaL The first class includes all hydraulic substances 
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prodawd frcjin natuml mixtures of lime and clay, by a burning pro¬ 
cess which has not been carried to the point of vitrification, and which 
still contain more or less free lime. 

The artificial cements are genei'ally designated by the name 
“Portland” and comprise all the cements produced from natural or 
artificial mixtures of lime and clay, lime and furnace shxg, etc., by a 
burning process which is carried to the point of vitrification. 

The hydraulic cements do not slake after calcination, differing 
materially in this ]>articular from the limes proper. They can be 
formed into paste with water, without any sensible increase in volume, 
and little, if any, production of heat, except in certain instances among 
those varieties which contain the maximum amount of lime. They 
do not shrink in hardening, like the mortar of rich lime, and can be 
used with or without the addition of sand, although for the sake of 
economy sand is combined with them. 

All the limes and cements in practical use have one feature in 
common, namely, the property of “setting” or “hardening” when 
combined with a certain amount of water. The setting of a cement 
is, in general, a complex process, partly chemical in its nature and 
partly mechanical. Broadly stated, the chemical changes which 
occur may be said to afford oppoiiiunity for the mechanical changes 
which result in hardening, ratlier than themselves to cause the harden¬ 
ing. The chemical changes are, therefore, susceptible of wide varia¬ 
tion without materially influencing the result. The crumbling which 
calcined lime undergoes on being slaked is simply a result of the 
mechanical disintegrating action of the evolved steam. In some 
cements of which plaster of Paris may be taken as the type, water 
simply combines vAth some constituent of the cement already present. 
In others, of which Portland cement is the most important example, 
certain chemical reactions must first take place. These reactions 
give rise to substances which, as soon as formed, combine with water 
and constitute the true cementitious material. The quantity of 
water used should be regulated according to the kind of cement, since 
every cement has a certain capacity for water. However, in practice 
an excess of about 50 per cent must be used to aid manipulation. 

The rapidity of setting (denominated activity) varies with the 
character of the cement, and is influenced to a great extent by the 
temperature, and also, but in less degree, by the purity of the water. 
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Sea vrater Linders the settsome cements, and some cements, 
which are very hard in fresli water, only harden sliglitly in sea water 
or even remain soft. Cements which re({uire more than oneduilf 
hour to set are ealled ‘hslow-scttiiig^h all others quick-setting'h 
As a rule tlie natural cements are quick- and the Portlands slow- 
setting. None of the cements attain their maximum hardness until 
some time has elapsed. For'good Portland 15 days usually suffices 
for complete setting, but the hardening process may continue for a 
year or more. 

The form an<l fineness of the cement particles are of great impor¬ 
tance in tlie setting of the cement^ and affect the cementing and 
economic* value. Coarse particles have no setting power and act as 
an adulterant. In consequence of imperfect pulverization some 
cements oidy develop three-fourths of their available activity, one- 
fourth of the cement consisting of grains so coarse as to act merely 
like so much sancL The best cement when separated from its fine 
particles will not harden for months after contact with water, but sets 
at once if previously finely ground. 

In a mortar or concrete composed of a certain quantity of inert 
material bound together by a cementing material it is evident that to 
obtain a strong mortar or concrete it is essential that each piece of 
aggregate sliall be entirely surrounded by the cementing material, 
so that no two i:>ieces are in actual contact. Obviously, then, the 
finer a cement the greater surface will a given weight cover, and the 
more economy will there be in its use. The proper degree of fineness 
is reached when it becomes cheaper to use more cement in propor¬ 
tion to the aggregate than to pay the extra cost of additional grinding. 

Use- Common lime is used almost exclusively in making 
mortar for architectural masonry. Natural cement is used for 
masonry where great ultimate strength is not as important as initial 
strength and in masonry protected from the weather. Portland 
cement is used for foundations and for all important engineering 
structures requiring great strength or which are subject to shock; 
also for all sub-aqueous construction. 

UIHES. 

Rich Limes- The common fat or rich limes are those obtained 
by calcining pure or very nearly pure carbonate of lime. In slaking 
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tlu'v au,i,tneut uj from two to thiw and a liulf times that of the original 
ma-i-. Thov will not liurden inuh'r water, or even in damp places 
exeltuletl from eontaet witli the air. In the air they harden by the 
grailual forniatitm of carbonate of lime, due to the absoi-ption of car- 
boni<- acid gas. 

d'he pastes of fat lime slirink in hardening to such a degree that 
they <-annot be employed for mortar without a large dose of sand. 

Poor Limes. The poor or meagre limes generally contain 
Hilua, alumina, magnesia, o.xide of iron, sometimes oxide of man¬ 
ganese. anti in some eases traces of the alkalies, in relative propor¬ 
tions wliich vary et)nsiderably in difforent localities. In slaking they 
{)roeeetl sluggishly, as compared with the rich limes—the action only 
commences after an interval of from a few minutes to more than an 
hour after they are wetted; less water is recpiired for the process, and 
it is attended with less heat and increase of volume than in the case 
of fat limes. 

Hydraulic Limes. The hydraulic limes, including the three 
subdivisions, viz., fiUrjldhf hydraulic, hydraulic, and eminently hydrau¬ 
lic, are those containing after calcination siifRcient of such foreign 
constituents as combine oliemically with lime and water to confer 
an appreciable power of setting or hardening under water without 
the access of air. They slake still slower than the meagre limes, and 
Avith but a small augmentation of volume, rarely exceeding 30 per 
cent of the original bulk. 

Lime is shipped either in bulk or in barrels. If in bulk, it is 
impossible to preseive it for any considerable length of time. A 
barrel of lime usually AA^eighs about 230 lb. net, and will make about 
three tenths of a cubic yard of stiff paste. A bushel AA’-eighs 75 lb. 

NATURAL CEflENT. 

Eosemlalc or natural cements are produced by burning in draw'- 
kilns at a heat just sufficient in intensity and duration to expel the 
carbonic acid from argillaceous or silicious limestones containing 
less than 77 per cent of carbonate of lime, or argillo-magnesian lime¬ 
stone containing less than 77 per cent of both carbonates, and then 
grinding the calcined product to a fine powder betAveen millstones. 

Characteristics. The natural cements have a porous, globu¬ 
lar texture. They do not heat up nor swell sensibly when mixed with 
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water. They set cjuickly in air, but harden slowly under water, 
without shrinking, and attain great strength with well-<levelope<l 
adhesive force. 

Sciting. A pat made with the ininimuni amount of water should 
set in about 30 minutes. 

Finenefis. At least 93 per cent must pass through u No. 50 sieve. 

Weight. Varies from 49 to 50 pounds per cubic fo(3t. 

Specific Gravity about 2.70. 

Tensile Strength. Neat cement, one day, from 40 to SO poun<ls. 
Seven days, from GO to 100 pounds. One year, from 300 to 400 
pounds. 

PORTLAND CEHENT. 

Portland Cement is produced by burning, with a heat of suf¬ 
ficient intensity and duration to induce incipient vitrification, certain 
argillaceous limestones, or calcareous clays, or an artificial mixture of 
carbonate of lime and clay, and then reducing the burnt material to 
powder by grinding. Fully 95 per cent of the Portland cement pro¬ 
duced is artificial. The name is derived from the resemblance which 
hardened mortar made of it bears to a stone found in the isle of Port¬ 
land, off the south coast of England. 

The quality of Portland cement depends upon the quality of the 
raw materials, their proportion in the mixture, the degi'ee to which 
the mixture is burnt, the fineness to which it is ground, and the con¬ 
stant and scientific supervision of all the details of manufacture. 

Characteristics. The color should be a dull bluish or green¬ 
ish gray, caused by the dark ferruginous lime and the intensely green 
manganese salts. Any variation from this color indicates the pres¬ 
ence of some inipui*ity; blue indicates an excess of lime; dark green, 
a large percentage of iron; brown, an excess of clay; a yellowish shade 
indicates an underburned material. 

Fineness. It should have a clear, almost floury feel in the hand; 
a gritty feel denotes coarse grinding. 

Specific Gravity is between 3 and 3.05. As a rule the strength 
of Portland cement increases with its specific gravity. 

Tensile Strength, When moulded neat into a briquette and 
placed in water for seven days it should be capable of resisting a ten¬ 
sile strain of from 300 to 500 pounds per square inch. 
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Setting. A ])jit i!iu<k‘ with the iiiiniinnni amount of water should 
set in not less than tliree hours, nor take moi’e than six hours. 

E.rpannion and Contraction. Pats left in the air or placed in 
water .shouhl during or after setting show neither expansion nor con¬ 
traction, either by the appearance of cracks or change of form. 

A cement that i^ossesses the foregoing properties may be con¬ 
sidered a fair sample of I’ortland cement and would be suitable for 
any class of work. 

Overlimed Cement is likely to gain strength very rapidly in the 
beginning and later to lose its strength, or if the percentage of free 
lime be sufficient it Avill ultimately disintegrate. 

Blmcing or Sivclling of Portland cement is caused by too much 
lime or insufficient burning. It also takes place when the cement is 
very fresh and has not had time to cool. 

Adulteration. Portland cement is adulterated with slag cement 
and slaked lime. This adulteration may be distinguished by the 
light specific gi'avity of the cement, and by the color, which is of a 
mauve tint in powder, while the inside of a water-pat when broken 
is deep indigo. G%'psum or sulphate of lime is also used as an 
adulterant. 


TESTING CEHENTS. 

The quality or constructive value of a cement is generally ascer¬ 
tained by submitting a sample of the particular cement to a series of 
tests. The properties usually examined are the color, weight, activity, 
soundness, fineness and tensile stre^igth. Chemical analysis is some¬ 
times made, and specific gravity test is substituted for that of weight. 
Tests of compression and adhesion are also sometimes added. As 
these tests cannot be made upon the site of the work, it is usual to 
sample each lot of cement as it is delivered and send the samples to a 
testing laboratory". 

Sampling Cement. The cement is sampled by taking a small 
quantity (1 to 2 lb.) from the center of the package. The number 
of packages sampled in any given lot of cement will depend upon 
the character of the work, and varies from every package to 1 in 5 
or 1 in 10. "^Mien the cement is brought in barrels the sample is 
obtained by boring with an auger either in the head or center of the 
barrel, drawing out a sample, then closing the hole with a piece of 
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tin firmly tacked over it. For drawing out the sample a brass tube 
sufficiently long to reach the bottom of the barrel is usetl. This is 
thrust into the barrel, turned around, pulled out, and tlie core of 
cement knocked out into the sample-can, which is usually a tin box 
with a tightly fitting cover. 

Each sample should be labelled, stating the number of the sam¬ 
ple, the number of bags or barrels it represents, the brand of the 
cement, the purpose for which it is to be used, the date of delivery, 
and date of sampling. 

Form of Label. 

Sample No . 

No. of Barrels . 

Brand . 

To he used . 

Delivered . Sampled . 

By . 

The sample should be sent at once to the testing office, and none 
of the cement should be used until the report of the tests is received. 

After the report of the tests is received the rejected packages 
should be conspicuously marked with a “ C ” and should be removed 
without delay; otherwise they are liable to be used. 

Color. The color of a cement indicates but little, since it is 
chiefly due to oxides of iron and manganese, which in no way affect 
the cementitious value; but for any given kind variations in shade 
may indicate differences in the character of the rock or in the degree 
of burning. The natural cements may have almost any color from 
the very light straw colored “Utica” through the brown “Louisville”, 
to chocolate “Rosendale”. The artificial Portlands are usually a 
grayish blue or green, but never chocolate colored. 

Weight. For any particular cement the w’’eight varies with the 
degree of heat in burning, the degree of fineness in grinding, and the 
density of packing. The finer a cement is ground the more bulky 
it becomes, and consequently the less it weighs. Hence light weight 
may be caused by laudable fine grinding or by objectionable under- 
burning. Other things being the same, the harder-burned varieties 
are the heavier. 
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The weight per unit of volume is usually <Ietermined l)y sifting 
the cenicnl into a measure as lightly as possil)Ie, and striking the top 
level with a straight edge. Tn cai'eful work the height of fall should 
be recorded. Since the cement absorbs moisture, the sample must 
be taken from the interior of the package. The weight per cubic foot 
is neither exactly constant, nor can it be determined precisely. The 
approximate weight of cement per cubic foot is as follows: 


Portland, English and German. 77 to 90 lb. 

fine-ground French. C9 

American. 92 95 

Rosendale. 49 66 

Roman. 54 


A bushel contains 1.244 cubic feet. Thew'eight of a bushel can 
be obtained sufficiently close by adding 25 per cent to the weight per 
cubic foot. 

Fineness. The cementing and economic value of a cement is 
affected by the degi’ee of fineness to which it is ground. Coarse 
particles in a cement have no setting power and act as an adulterant. 

The fineness of a cement is determined by measuring the per¬ 
centage which will not pass through sieves of a certain number of 
meshes per square inch. Three sieves are generally used, viz.: 

No. 50, 2,500 meshes per square inch. 

No. 74, 5,476 
No. 100, 10,000 

Activity denotes the speed with which a cement begins to seL 
Cements differ widely in their rate and manner of setting. Some 
occupy but a few minutes in the operation, and others require several. 
Some begin setting immediately and take considerable time to com¬ 
plete the set, while others stand for a considerable time with no ap¬ 
parent action and then set very quickly. The point at which the set 
is supposed to begin is lolicn the sii’ffcning of the mass first becomes 
'perceptible, and the end of the set is when cohesion extends through 
the mass sufficiently to offer such resistance to any change of form 
as to cause rupture before any deformation can take place. 

Test of Activity. To test the activity mix the cement with 
25 to 30 per cent of its weight of clean water, having a temperature 
of between 05^ F. and 70^ F., to a stiff plastic mortar, and make one 
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or t'R'o cakes or pats 2 or 3 inches in diameter and about inch in 
thickness. As soon as the cakes are prepared, immerse in water at 
05° F., and note the time required for them to set hard enough to bear 
respectively a -ib -ineh wire loaded to weigh 1' pound, and a -stj-inch 
wire loaded to weigh 1 pound. When the cement bears the light 
weight, it is said to have begun to set; when it bears the heavy weight, 
it is said to have entirely set. Tire apparatus employed for this test 
is shown in Fig. 1, and is called “Yicat’s Needle apparatus”. 




Quick and Slow Setting. The aluminous natural cements 
are commonly “quick-setting,” though not always so, as those con¬ 
taining a considerable percentage of sulphuric acid may set quite 
slowly. The magnesian and Portland varieties may be either ‘ ‘ quick ” 
or “slow”. Specimens of either variety may be had that will set at 
any rate, from the slowest to the most rapid, and no distinction can 
be drawn between the various classes in this regard. 

Water containing sulphate of lime in solution retards the setting. 
This fact has been made use of in the adulteration of cement, pow¬ 
dered gypsum being mixed with it to make it slow-setting, greatly to 
the iniurv of the material. 
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I'hc tenijK'rature of the water used affects tlie time required for 
setting; the liigher the temperature, within certain limits, the more 
rapicllhe set. Alany dements which require several hours to set when 
mixed Avith water at a temperature of 40° F. will set in a few minutes 
if the temperature of the water he increased to 80° F. CeloAA’' a cei- 
tain inferior limit, ordinarily from 30° to 40° F., the cement will not 
set, while at a certain upper limit, in many cements betAveen 100° and 
140° F., a change is suddenly made from a A-ery rapid to a very sIoav 
rate, Avhich then continually decreases as the temperature increases, 
until practically tlie cement will not set. 

The quick-setting cements usually set so that experimental sam¬ 
ples can be handled within 5 to 30 minutes after mixing. The sIoaa'- 
setting cements re([uire from 1 to S hours. Freshly ground cements 
set quicker than older ones. 

Soundness denotes the property of not expanding or contracting 
or cracking or checking in setting. These effects may be due to free 
lime, free magnesia, or to unknovni causes. Testing soundness is,- 
therefore, determining AA’hether the cement contains any octii'e im¬ 
purity. An inert adulteration or impurity affects only its economic 
A-alue; but an actiA-e impurity affects also its strength and durability. 

For the purpose of determining the amount of contraction or 
exi>ansion the “Bauschinger” apparatus. Fig. 2, is used. A mould 
is used in Avhich the test bars of cement are formed. 

Tests of Soundness. The soundness of a cement may be 
determined by cold tests, so-called, the cement being at ordinary 
ti'mpcrature; or by accelerated or hot tests. 

To make the cold tests, prepare small cakes or pats of neat 
cement, 3 or 4 inches in diameter and about one-half inch thick 
at the center, tapering to a thin edge. Place the samples upon a piece 
of glass and cover AA’ith a damp cloth for a period of 24 hours and then 
immerse glass and all in Avater for a period of 28 days if possible, 
keeping Avatch from day to day to see if the samples show any cracks 
or signs of distortion. 

The first indication of inferior quality is the loosening of the pat 
from the glass, which usually takes place in one or two days. Good 
cement will remain firmly attached to the glass for two weeks at least. 

The ordinary tests, extending over a proper interval, often fail 
to detect unsoundness, and circumstances may render the ordinary 
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tests impossible from lack of time. Under such circumstances resort 
must be had to accelerated tests, which may be made in several wajs. 

Warm=Water Test. Prepare the sample as before, and after 
allowing it to set, immerse in water maintained at a temperature of 
from 100° to 115° P. If the specimen remains firmly attached to the 
glass and shows no cracks, it is probably sound. 



The hot-water test is similar to the last, but the water is main¬ 
tained at a temperature of from 195° to 200° F. 

The boiling test consists in immersing the specimen in cold water 
immediately after mixing and gradually raising the temperature of 
the water to the boiling point, continuing the boiling for three hours. 

For an emergency test,'the specimen may be prepared as before, 
and after setting may be held under a steam cock of a boiler and hve 
steam discharged upon it. 

The results of accelerated tests must not he accepted too literally, 
but should be interpreted in the light of judgment and experience. 
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The cracking or contortion of the specimen (sometimes called 
“blowing”), is due to the hydration and consequent expansion of the 
lime or magnesia. If the effect is due to lime, the cement can be im¬ 
proved by exposure to the air, thus allowing the free lime to slake. 
This treatment is called “cooling the cement”. The presence of 
uncorabined magnesia is more harmful than that of lime. 

Some idea of the quality of a cement may be gained by exposing 
to the air a small cake of neat cement mortar and observing its color. 
“A good Portland cement should be uniform bluish gray tliroughout, 
yellowish blotches indicate poor cement”. 

Tests of soundness should not only be carefully conducted, but 
should extend over considerable time. Occasionally cement is found 
which seems to meet the usual tests for soundness, strength, etc., and 
yet after considerable time loses all coherence and falls to pieces. 

Strength. The strength is usually determined by submitting 
a specimen of known cross-section (generally one square inch) to a 
tensile strain. The reason for adopting a tensile test is that since 
even the weakest cement cannot be crushed, in ordinary practice, 
by direct compression, and since cement is not used in places where 
cross strain is brought to bear upon it, torsion being out of the ques¬ 
tion, the only valuable results can be derived from tests for tensile 
strength. In case of a cracking wall the strain is that of tension due 
to the difference of the direction of the strain caused by the sinking 
of one part of the w^all. 

In comparing different brands of cement great care must be 
exercised to see that the same kind and quality of sand is used in 
each case, as difference in the sand will cause difference in the results. 
To obviate this a standard sand is generally used. This consists of 
crushed quartz of such a degree of fineness that it will all pass a No. 
20 sieve (400 meshes to the square inch,- wire No. 28 Stubbs’ gauge) 
and be caught on a No. 30 sieve (900 meshes to the square inch; wire 
No. 31 Stubbs’ gauge). 

Valuable and probably as reliable comparative tests can be made 
with the sand which is to be used for making the mortar in the pro¬ 
posed work. Specimens of neat cement are also used for testing, 
they can be handled sooner and will show less variation than speci¬ 
mens composed of cement and sand. 
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Tlie cement is prepart'd for testing l>y being formed into a stiff 
paste ]:)y the addition of just sufficient water for this pur])ose. When 
sand is to l^e addecb the exact proportions should be carefully deter¬ 
mined by weight and thoroughly and intimately mixed with tlie cement 
in a dry state before the water is added; and, so far as possilde, all 
the water that is necessary to produce the desired consistency should 
be added at once and thereafter the manipulation with the spatula 
or trowel should be rapid and thorough. The mortar so obtained 
is filled into a mould of the form and dimensions shown in Fig. 3. 
These moulds are usually of iron or brass. Wooden moulds, if 
well oiled to prevent their absorbing water, answer the purpose well 
for temporary use, but speedily become unfit for accurate work. In 
filling the mould care must be exercised to complete the filling before 
incipient setting begins. 

The moulds while being 
charged and manipulated, 
should be laid on glass, slate, 
or some other non-absorbent 
material. The specimen, now 
called the briquetteshould 
be removed from the mould 
as soon as it is hard enough 
to stand it, without breaking. 

The briquettes are then im¬ 
mersed in water, where they should remain constantly covered until 
tested. If they ,are exposed to the air, the water may be carried 
away by evaporation and leave the mortar a pulverant mass. Also, 
since the mortar does not ordinarily set as rapidly under water as 
in the air (owing to the difference in temperature), it is necessary for 
accurate work to note the time of immersion, and also to break the 
briquette as soon as it is taken from the water. Cement ordinarily 
attains a greater strength when allowed to set under water, but attains 
it more slowly. 

Age of Briquette for Testing* It is customary to break part 
of the briquettes at the end of seven days, and the remainder at 
the end of twenty-eight days. As it is sometimes impracticable to 
wait twenty-eight days, tests are often made at the end of one and 
seven days, respectively. The ultimate strength of the cement is 



Fig. 3. Briquette Mould. 
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3 U(l-e<l by the increase in strength between the two dates. A mini- 
imun .strength for the two elates is usually specified. 

Testing the Briquettes. When taken oux of the water the 
bruiuette.s are subjected to a tensile strain until rupture takes place in 
a .snitablv devi.sed machine. There are several machines on the mar¬ 
ket for this purpo.se. Fig. 4 represents one which is extensively used. 

d\) make, a te.st, hang the cup F on the end of the beam D, as 
shown in the illu.stration. See that the poise R is at the zero mark. 



Fig. d. Cemenfc Testing Macliine. 

and balance the beain by turning the ball L. Fill the hopper B with 
fine shot, place the specimen in the clamps N N, and adjust the 
hand wheel P so that the graduated beam D will rise nearly to the 
stop K. 

Open the automatic valve J so as to allow the shot to run slowly 
into the cup F. Stand back and leave the machine to make the test. 

When the specimen breaks, the graduated beam D drops and 
closes the valve J, remove the cup with the shot in it, and hang the 
counterpoise weight G in its place. 
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Hang the cup F on the hook under the large hall E, and proceed 
to weigh the shot in the regidar way, using the poise 11 on tlie gradu¬ 
ated beam D, and the weights II on the c*oiinterpoisc wisght O. 
The result will show^ the number of pounds re(|uircd tt> l)reak the 
specimen. 

TABLE 5. 

Tensile Strength of Cement Mortar. 


Apfo of mortar when tefstecl. 


Ct.ear Cement. 

One hour, or until set, in air, the 
remainder of the time in water: 

Min. 

i !Max. 

1 

1 day . 

One day in air, the remainder of 
the time in water: 

100 

140 

i 

1 week . 

250 

1 550 

4 weeks .. 

350 

700 

1 year . 

1 Part Cement to 1 Part Sand. 

450 

1 SOO 

i 


One day in air, the remainder of| 
the time in water: 

1 week . 

4 weeks . 

1 year .. 

1 Part Cement to 3 Parts Sand. 
One day in air, the remainder of| 
the time in w^ater 

1 week . 

4 weeks .. 

1 year ... 


Average tensile strencrtli au x^ounds 
IJCT square ineh. 


Portland. 


Rosonclalo. 


rvlax. ; Min. 1 jNIax 


SO 

100 

200 


125 

200 

350 


40 


GO 

100 

300 


30 

50 

200 


SO 


100 

150 

400 


50 

SO 

300 


CEHENTS—HEnORANDA. 

Cement is shipped in barrels or in cotton or paper bags. 

The usual dimensions of a barrel are: length 2 ft. 4 in., middle 
diameter 1 ft. 4^ in., end diameter 1 ft. 3-^ in. 

The bags hold 50, 100, or 200 pounds. 
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A l>arrel weighs as follows: 


Uosenclale, N. Y. oOO lb. net 

Uosenclale, Western. 265 

Portland. 375 


A barrel of Rosondale cement contains about 3.40 cubic feet 
and will make from 3.70 to 3.75 cubic feet of stiff paste, or 79 to 
83 pounds will make about one cubic foot of paste. A barrel of 
Rosendale cement (300 lb.) and two barrels of sand (7*} cubic feet) 
mixed with about half a barrel of water will make about 8 cubic feet 
of mortar, sufficient for 

102 square feet of mortar-joint inch thick. 

li ft 1 ft ft 

7GS “ “ “ “ I- “ 

A bari'el of Portland cement contains ‘^bout 3.25 to 3.35 cubic 
feet—100 pounds will make about one cubic foot of stiff paste. 

A barrel of cement measured loosely increases considerably in 
bulk. The following results were obtained by measuring in quan¬ 


tities of two cubic feet: 

1 bbl. Norton’s Rosendale gave. 4.37 cu. ft. 

Anchor Portland gave. 3.65 “ 

“ Sphinx Portland gave. 3.71 “ 

“ Buckeye Portland gave. 4.25 “ 


Preservation of Cements. Cements require to be stored in 
ii drj' place protected from tlie weather; the packages should 
not be placed directly on the ground, but on boards raised a few 
inches from it. If necessary to stack it out of doors a platform of 
planks should first be made and the pile covered with canvas. Port¬ 
land cement exposed to the atmosphere will absorb moisture until 
it is practically ruined. The absorption of moisture by the natural 
cements will cause the development of carbonate of lime, which will 
interfere with the subsequent hydration. 

niSCELLANEOUS CEHENTS. 

Slag Cements are those formed by an admixture of slaked lime 
Tvnth ground blast-furnace slag. The slag used has approximately 
the composition of an hydraulic cement, being composed mainly of 
silica and alumina, and lacking a proper proportion of lime to render 
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it active as a cement. In preparing the cement the slag upon coming 
from the furnace is plunged into water and reducefl to a spongy form 
from which it may be readily ground. This is dried and ground to a 
fine powder. The powdered slag and slaked lime are then mixed 
in proper proportions and ground together, so as to very* thoroughly 
distribute them through the mixture. It is of the first importance 
in a slag cement that the slag be very finely ground, and that the 
ingredients be very uniformly and intimately incorporated. 

Both the composition and methods of manufacture of slag 
cements vaiy considerably in different places. They usually con¬ 
tain a higher percentage of alumina than Portland cements, and 
the materials are in a different state of combination, as, being mixed 
after the burning, the silicates and aluminates of lime formed during 
the burning of Portland cement cannot exist in slag cement. 

The tests for slag cement are that briquettes made of one part 
of cement and three parts of sand by weight shall stand a tensile 
strain of 140 pounds per square inch (one day in air and six in water), 
and must show continually increasing strength after seven days, one 
month, etc. At least 90 per cent must pass a sieve containing 40,000 
meshes to the square inch, and must stand the boiling test. 

Pozzuolanas are cements made by a mixture of volcanic ashes 
with lime, although the name is sometimes applied to mi.xed cements 
in general. The use of pozzuolana in Europe dates back to the 
time of the Homans. 

Roman Cement is a natural cement manufactured from the 
septaria nodules of the London Clay formation; it is quick-setting, 
but deteriorates with age and exposure to the air. 

nORTAR. 

Ordinary flortar is composed of lime and sand mixed into 
a paste with water. When cement is substituted for the lime, the 
mixture is called cement ‘mortar. 

Uses. The use of mortar in masonry is to bind together the 
bricks or stones, to afford a bed which prevents their inequalities 
from bearing upon one another .and thus to cause an equal distribu¬ 
tion of pressure over the bed. It also fills up the spaces between 
the bricks or stones and renders the wall weather tight. It is also 
used in concrete as a matrix for broken stones or other bodies to be 
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amalgamated into one .solid ma.ss; and for plastering and othei 
purj>oses. 

The qnuliiy of mortar depends upoix the ehxiracter of the materials 
used in its maniifaeture, their treatment, proportions, and metlnxd 
of mixing. 

Proportions. The pi*oportion of cement to sand depemls upon 
tlie nature of the work and the necessitj’ for the development of 
strength or imperviousnes.s. The relative quantities of sand and 
cement should also depend upon the nature of the sand; fine sand 
requires more cement than coarse. Usual proportions are: 

Lime mortar, 1 part of lime to 4 pai'ts of santl. 

Natural cement mortar, 3 part cement to 2 or 3 parts of sand. 

Portland cement mortar, 1 pax’t cement to 2, 3, or 4 pai’ts of sand, 
according to the character of the woi’k. 

Sand for flortar. The sand used mvM he clean, that is, free 
from clay, loam, mud, or organic matter; sharp, that i.s, the grains 
must be angular and not rounded as those from the beds of rivers 
and the seashore; coarse, that is, it must be large-grained, but not 
too uniform in size. 

The best .sand is that in which the grains are of different sizes; 
the more uneven the sizes the smaller will be tlie amount of voids, 
and hence the less cement required. 

The cleanness of sand may be tested by nibbing a little of the 
dry sand in the palm of the hand, and after throwing it out noticing 
the amount of dust left on the hand. The cleanness may also be 
judged by pressing the sand between the fingers while it is damp; 
if the sand is clean it will not stick together, but will immediately 
fall apart when the pressure is removed. “ • 

The sharpness of sand can be determined approximately by 
rubbing a few grains in the hand or by crushing it near the ear and 
noting if a grating sound is produced; but an examination through 
a .small lens is better. 

To determine the presence of Salt and Clay. Shake up a small 
portion of the sand with pure distilled water in a perfectly clean 
stoppered bottle, and allow the sand to settle; add a few drops of 
pure nitric acid and then add a few drops of solution of nitrate of 
silver. A white precipitate indicates a tolerable amount of salt; a 
faint cloudiness may be disregarded. 
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The presence of clay may be ascertained l)y a^itatino' a small 
quantity of the sand in a f^lass of clear water and allowii^a: it to stand 
for a few liours to settle; the saiul and clay will separate into two 
well-defined layers. 

Screening. Sand is prepared for use Iw screening to remove 
the pebbles and coarser grains. The fineness of the meshes of the 
screen depends upon the kind of work in which the sand is to be used. 

Washing. Sand containing loam or earthy matters is cleansed 
by washing with water, either in a machine specially designed for the 
purpose and called a sand-washer, or by agitating with water in tubs 
or l>oxes provided with holes to permit the dirty water to flow away. 

Water for flortar. The water employed for mortar should 
he fresh and clean, free from mud and vegetable matter. Salt water 
may be used, l^ut with some natural cements it may retard the setting, 
the chloride and sulphate of magnesia being the principal retarding 
elements. Less sea-water than fresh will be required to produce a 
given consistency. 

Quantity. The quantity of water to be used in mixing mortar 
can be determined only by experiment in each casOi It depends 
upon the nature of the cement, upon that of the sand and of the water, 
and upon the proportions of sand to cement, and upon the purpose 
for which the moitar is to be used. 

Fine sand requires more water than coarse to give the same con¬ 
sistency. Dry sand will take more water than that which is moist, 
and sand composed of porous material more than that which is hard. 
As the proportion of sand to cement is increased the propoition of 
water to cement should also increase, but in a much less ratio. 

The amount of water to be used is such that the mortar when 
thoroughly mixed shall have a plastic consistency suitable for the 
purpose for which it is to be used. 

The addition of water, little by little, or from a hose, should 
not be allowed. n. 

Cement flortar. In mixing cement mortar the cement and 
sand are first thoroughly mixed diy, the water then added, and the 
whole worked to a uniformly plastic condition. 

The quality of the mortar* depends largely upon the thoroughness 
of the mixing, the great object of which is to so thoroughly incorporate 
the ingredients that no two grains of sand shall lie together without 
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an iiiten^ening layer or film of cement. To accomplish this the 
cement must be uniformly distributed through tlie sand during the 
dry mixing. 

The mixers usually fail to thoroughly intermix the dry cement 
and san<l, and to lighten the labor of the wet mixing they will give 
an overdose of water. 

Packed cement when measured loose increases in volume to 
such an extent that a nominal 1 to 3 mortar is easily changed to an 
actual 1 to 4. The specifications should prescribe the manner in 
which the materials are to be measured, i.e., packed or loose. 

The quantity of sand will also vary^ according to whether it is 
measured in a wet or dry condition, packed or loose. On work of 
sufficient importance to justify some sacrifice of convenience the 
sand and cement should be proportioned by weight instead of by 
volume. 

In mixing by hand a platform or box should be used; the sand 
and cement should be spread in layers with a layer of sand at the 
bottom, then turned and mixed with shovels until a thorough incor¬ 
poration is effected. The dry mixture should then be spread out, 
a bowl-like depression formed in the center and all the water required 
poured into it. The dry material from the outside of the basin should 
be thrown in until the water is taken up and tlien worked into a 
plastic condition, or the dry mixture may be shovelled to one end of 
the box and the water poured into the other end. The mixture of 
sand and cement is then drawn down with a hoe, small quantities 
at a time, and mixed with the water until enough has been added 
to make a good stiff mortar. 

In order to secure proper manipulation of the materials on the 
part of the workmen it is usual to require that the whole mass shall 
be turned over a certain number of times with the shovels, both dry 
and wet. 

The mixing wet with the shovels must be performed quickly 
and energetically. The paste thus made should be vigorously worked 
with a hoe for several minutes to insure an even mixture. The 
mortar should then leave die hoe clean when drawn out of it, and 
very little should stick to the steel. 

A large quantity of cement and sand should not be mixed dry 
and left to stand a considerable time before using, as the moisture 
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in the sand Trill to some extent act xipon the cement, causing a partial 
setting. 

Upon large Tvorks mechanical mixers are frequently employed 
with the advantage of at once lessening the labor of manipulating 
the material and insuring good work. 

Retempering Hortar. Masons very frequently mix mortar in 
considerable quantities, and if the mass becomes stiffened before 
being used, by the setting of the cement, add water and work it again 
to a soft or plastic condition. After this second tempering the cement 
is much less active than at first, and will remain for a longer time in 
a workable condition. 

This practice is condemned by engineers, and is not usually 
allowed in good engineering construction. Only sufficient quantity 
of mortar should be mixed at once as may be used before the cement 
takes the initial set. Reject all mortar that has set before being 
placed in the work. 

Freezing of flortar. It does not appear that common lime 
mortar is seriously injured by freezing, provided it remains frozen 
until it has fully set. The freezing retards, but does not entirely 
suspend the setting. Alternate freezing and thawing materially 
damages the strength and adhesion of lime mortar. 

Although the strength of the mortar is not decreased by freezing, 
it is not always permissible to lay masonry during freezing weather; 
for example, if, in a thin wall, the mortar freezes before setting and 
afterwards thaws on one side only, the wall may settle injuriously. 

Mortar composed of “one part Portlatid cement and three parts 
sand is entirely uninjured by freezing and thawing. 

Alortar made of cements of the Rosendale type, in any propor¬ 
tion, is entirely ruined by freezing and thawing. 

Mortar made of overclayed cement (which condition is indicated 
by its quicker setting), of either the Portland or Rosendale type, 
will not withstand the action of frost as well as one containing less 
clay, for since the clay absorbs an excess of water, it gives an increased 
effect to the action of frost. 

In making cement mortar during freezing weather it is cus¬ 
tomary to add salt or brine to the water with which it is mLxed. The 
ordinary rule is; Dissolve 1 pound of salt in 18 gallons of water 
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when the temperature is at 32° F., and add 1 ounce of salt for each 
degree of lower temperature. 

The use of salt, and more e.speciaily of sea-water, in mortar is 
objectionable in exposed walls, since, the accompanying salts usually 
produce effloi'escence. 

The practice of adding hot w'ater to lime mortar dui’ing freezing 
weather is undesirable. When the very best results ai-e sought tlie 
brick or stone should be warmed—enough to thaw off any ice upon 
tlie surface is sufficient—before being laid. They may be warmed 
either by laying them on a furnace, or by suspending them over a 
slow fire, or by wetting with hot water. 

TABLE 6, 

Amount of Cement and Sand Required lor One Cubic Yard of 

flortar. 


Composition of mortar by 
volumes. 

Cement ^ 

Number of barrels. 

funnel, 

oubie yards, 

Cement. 

Sand. 

Portland or 
UlKter County 
Rosendale, 

Westei*n 

Rosendale, 

1 ‘ 

0 

7.14 

6.43 

0.00 

1 

1 

4.16 

3.74 

0.,5S 

1 

2 

2.86 

2.57 

o.so 

1 

3 

2.00 

1.80 

0.90 

1 

4 

1.70 

1.63 

0.95 

1 

6 

1.25 

1.13 

0.97 

1 

6 

1.18 

1.06 

1 

0.98 



Cement. Number of Pounds.t 


1 

0 

2675 

2140 

1 

0.00 

1 

1 

1440 

1150 

0.67 

1 

2 

900 

720 

0.84 

1 

3 

675 

540 

0.94 

1 

4 

525 

420 

0.98 

1 

5 

425 

340 

0.99 

1 

6 

355 

285 • 

1.00 


* Packed cement and loose sand. 
tLioose cement and loose sand. 
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CONCRETE. 

Concrete is a species of artificial stone composed of (1) the 
matrix, which may be either lime or cement mortar, usually the latter, 
and (2) the aggregate, which may be any hard material, as gravel, 
shingle, broken stone, shells, brick, slag, etc. 

The aggregate should be of different sizes, so that the smaller 
shall fit into the voids between the larger. Tliis requires less moi'tar 
and with good aggregate gives a stronger concrete. Broken stone 
is the most common aggregate. 

Gravel and shingle should be screened to remove the larger-sized 
pebbles, dirt, and vegetable matter, and should be washed if they 
contain silt or loam. The broken stone if mixed wdth dust or dirt 
must be washed before use. 

Strength of Concrete. The resistance of concrete to crush¬ 
ing ranges from about 600 to 1400 pounds per sq. in. It depends 
upon the kind and amount of cement and upon the kind, size, and 
strength of the aggregate. The transverse strength ranges between 
50 and 400 pounds. 

Weight of Cortcrete. A cubic yard weighs from 2,500 to 
3,000 pounds according to its composition. 

PROPORTIONS OF HATERIALS FOR CONCRETE. 

To manufacture one cubic yard of concrete the following quan¬ 
tities of materials are required: 

Broken-stone-and-geavel Concrete. 


Broken-stone 50% of its bulk voids. 1 cubic yard 

Gravel to fill voids in the stone. i “ 

Sand to fill voids in the gravel. J “ “ 

Cement to fill voids in the sand. “ “ 


Broken-«tone Concrete. 

Broken stone 50% of its bulk voids . ... T cubic yar<l 

Sand to fill voids in the stone. i " 

Cement to fill voids in the sand. i “ “ 

Gravel Concrete. 

Gravel of its bulk voids. 1 cubic yard 

Sand to fill voids in the gravel.i 

Cement to fill voids in the sand. ^ “ “ 











S4 MASONRY CONSTRUCTION 


Coiic'i'ete' composed of 1 part Rosendale cement, 2 j)arts of sand, 
and 5 parts of broken stone requires: 

Broken stone. 0.92 cubic yard 

Sand. 0.37 “ 

Cement. 1-43 barrels . 


The usual proportions of the materials in concrete are: 
Roseistdale Cement Concrete. 


Rosendale cement. 1 part 

Sand. 2 parts 

Broken stone. 3 to 4 “ 


Portland Cement Concrete. 


Portland cement. 1 part 

Sand. 2 to 3 parts 

Broken stone or gravel. 3 to 7 “ 


To make 100 cubic feet of concrete of the proportions 1 to G will 
require 6 bbl. cement (original package) and 4.4 yards of stone and 
sand. 

flixing Concrete. The concrete may be mixed by hand or 
machinery. In hand-mixing the cement and sand are mixed diy. 
About half the sand to be used in a batch of concrete is spread evenly 
over the mortar-board, then the dry cement is spread evenly over 
the sand, and then the remainder of the sand is spread on top of the 
cement. The sand and cement are then mixed with a hoe or by 
turning and re-turning with a shovel. It is very important that the 
sand and cement be thoroughly mixed. A basin is then formed by 
drawing the mixed sand and cement to the outer edges of the board, 
and the whole amount of water required is poured into it. The 
sand and cement are then thrown back upon the water and thoroughly 
mixed with the hoe or shovel into a stiff mortar and then levelled off. 
'I'he broken stone or gravel should be sprinkled with sufficient water 
to remove all dust and thoroughly wet the entire surface. The 
amount of water required for this purpose will vary considerably 
with the absorbent power of the stone and the temperature of the air. 
Thd wet stone is then spread evenly over the top of the mortar and 
the whole mass thoroughly mixed by turning over with the shovel. 
Two, three, or more turnings may be necessary. It should be turned 
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until every stone is coated with mortar, and the entire mass present.-- 
the uniform color of the cement, and the mortar and stones are uni¬ 
formly distributed. When the aggregate consists of broken brici 
or other porous material it should be thoroughly wetted and time 
allowed for absorption previous to use; otherwise it will take awaj 
part of the water necessary to effect the setting of the cement. 

^Mien the concrete is ready for use it shoiild be cpiite coherent 
and capable of standing at a steep slope without the water running 
from it. 

The rules and the practice governing the mixing of concrete 
vary as widely as the proportion of the ingredients. It may be stated 
in general that if too much time is not consumed in mixing the wet 
materials a good result can be obtained by any of .the many ways 
practised, if only the mixing is thorough. With four men the time 
required for mixing one cubic yard is about ten minutes. 

^Wiatever the method adopted for mixing the concrete, it is 
advisable for the inspector to be constantly present during the operar 
tion, as the temptation to economize on the cement and to add an 
excess of water to lighten the labor of mixing is very great. 

Laying Concrete. Concrete is usually deposited in layers, 
the thickness of which -is generally stated in the specifications for 
the particular work (the thickness varies between G and 12 in.). The 
concrete must be carefully deposited in place. A very common 
practice is to tip it from a height of several feet into the trench. This 
process is objected to by the best authorities on the ground that the 
heavy and light portions separate while falling, and that the concrete 
is, therefore, not uniform throughout its mass. 

The best method is to wheel tlie concrete in barrows, imme¬ 
diately after mixing, to the place where it is to be laid, gently tipping 
or sliding it into position and at once ramming it. 

The ramming should be done before the cement begins to ’set, 
and should be continued until the water begins to ooze out upon 
the upper surface. When this occurs it indicates a suflScient degree 
of compactness. A gelatinous or quicksand condition of the mass 
indicates that too much water was used in mixing. Too severe or 
long-continued pounding injures the strength by forcing the stones 
to the bottom of the layers and by distributing the incipient “set” 
of the cement. 
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The rumniei-s need not be very heavy, 10 to 15 lb. will be suffi¬ 
cient. Square ones should measure from 6 to 8 in. on a side and 
round ones from S to 12 in. in diameter. 

After each layer has been rammed it should be allowed sufficient 
time to “set”, without walking on it or in other ways disturbing it. 
If successive lavers are to be laid the surface of the one already set 
should be swept clean, wetted, and made rough by means of a pick 
for the reception of the next layer- 

Great care should be observed in joining the work of one day 
to that of the next. The last layer should be thoroughly compacted 
and left with a slight excess of mortar. It should be finished with 
a level surface, and when partially set should be scratched with a 
pointed stick and covered with planks, canvas, or stia^. In the 
morning, immediately before the application of the next layer, the 
surface should he swept clean, moistened with water, and painted 
■yiTjth a wash of neat cement mixed with water to the consistciKy of 
cream. This should be put on in e.xcess and brushed thoroughly 
back and forth upon the surface so as to insure a close contact 
therewith. 

Depositing Concrete Under Water. In laying concrete under 
water an essential requisite is that the materials shall not fall 
from any height through the water, but be deposited in the allotted 
place in a compact mass; otherwise the cement will he separated 
from the other ingredients and the strength of the work be seriously 
impaired. If the concrete is allowed to fall through the water its 
ingredients will be deposited in a series, the heaviest—the stone—at 
the bottom, and the lightest—the cement—at the top. A fall of even 
one foot causes an appreciable separation. 

A common method of depositing concrete imder water is to 
place it in a T-shaped box of wood or plate iron, which is lowered 
to the bottom with a crane. The box is so constructed that on reach¬ 
ing the bottom a latch operated by a rope reaching to the surface 
can be drawn out, thus permitting one of the sloping sides to swing 
open and allow the concrete to fall out. The box is tlien raised 
and refilled. 

A long box or tube, called a irem/ie, is also used. It consists 
of a tube open at top and bottom built in detachable sections, so 
that the length may be adjusted to the depth of water. The tube 
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is suspended from a crane or movable frame running on a track, by 
which it is moved about as the work progresses. The upper end is 
hopper-shaped, and is kept above the water; the lower end rests on 
the bottom. The tremie is filled in the beginning by placing the 
lower end in a box with a movable bottom, filling the tube, lowering 
all to the bottom, and then detaching the bottom of the box. The 
tube is kept full of concrete by more being thrown in at the top as 
the mass issues from the bottom. 

Concrete is also successfully deposited under water by enclosing 
it in paper bags and lowering or sliding them down a chute into 
place. The bags get wet and the pressure of the concrete soon bursts 
them, thus allowing the concrete to unite into a solid mass. Concrete 
is also sometimes deposited under water by enclosing it in open-cloth 
bags, the cement oozing through the meshes suflBciently to unite the 
whole into a single mass. 

Concrete should not be deposited in running water unless pro¬ 
tected by one or other of the above-described methods; otherwise 
the cement will be washed out. 

Concrete deposited under water should not be rammed? but if 
necessary may be levelled with a rake or other suitable tool imme¬ 
diately after being deposited. 

"V^en concrete is deposited in water a pulpy, gelatinous flluid 
is washed from the cement and rises to the surface. This causes 
the water to assume a milky hue. The French engineers apply the 
term laitance to this substance. It is more abundant in salt water 
than in fresh. The theory of its formation is that the immersed 
concrete gives up to the water, free caustic lime, which precipitates 
magnesia in a light and spongy form. This precipitate sets very 
slowly, and sometimes scarcely at all, and its interposition between 
the layers of concrete" forms strata of separation. The proportion 
of laitance is gi-eatly diminished by using large immersion-boxes, 
or a tremie, or paper or cloth bags. 

Asphaltic Concrete is composed of asphaltic mortar and 
broken stone in the proportion of 5 parts of stone to 3 parts of mortar. 
The stone is heated to a temperature of about 250° F. and added to 
the hot mortar. The mixing is usually performed in a mechanical 


mixer. 
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The material is laid hot and rammed until the surface is smooth. 
Care is required that the materials are properly heated, that the 
place where it is to be laid is absolutely dry and that the ramming 
is done l^efore it chills or becomes set. The rammers should be heated 
in a portable fire. 

CLAY PUDDLE. 

Clay puddle is a mass of clay and sand worked into a plastic 
condition with water. It is used for filling coffer-dams,^ for making 
embankments and reservoirs water-tight, and for protecting masoniy 
against the penetration of water from behind. 

Quality of Clay. The clays best suited for puddle are opaque, 
and not crystallized, should exhibit a dull earthy fracture, exhale 
when breathed upon a peculiar faint odor termed “argillaceous,” 
should be unctuous to the touch, free from gritty matter, and form 
a plastic paste with water. 

The important properties of clay for making good puddle are 
its tenacity or cohesion and its power of retaining water. The tenac¬ 
ity of a clay may be tested by working up a small quantity with water 
into a thoroughly plastic condition, and forming it by hand into a 
roll about 1 to l-J inches in diameter by 10 or 12 inches in length. 
If such a roll is sufficiently cohesive not to break on being suspended 
by one end while wet the tenacity of the material is ample. 

To test its power of retaining water one to two cubic yards 
should be worked vidth water to a compact homogeneous plastic 
condition, and tlien a hollow should be formed in tlie center of the 
mass capable of holding four or five gallons of water. After filling 
the hollow with water it should be covered over to prevent evaporation 
and left for about 24 hours, when its capability of holding water will 
be indicated by the presence or absence of water in the hollow. 

The clay should be freed from large stones and vegetable matter, 
and just sufficient sand and water added to make a homogeneous 
mass. If there is too little sand the puddle will crack by shrinkage 
in drying, and if too much it will be permeable. 

Puddling. The operation of puddling consists in chopping 
the clay in layers of about 3 inches thick with spades, aided by the 
addition of sufficient water to reduce it to a pasty condition. After 
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each chop and before withdrawing tlie spade it should be given a 
lunging motion so as to permit the water to pass through. 

The spade should pass through the upper layer into the lower 
layer so as to cause the layers to bond together. 

The test for thorough puddling is that the spade will pass through 
the layer with ease, which it will not do if there are any dry hard 
lumps. 

Sometimes in place of spades, harrows are used, each layer of 
’ clay being thoroughly harrowed aided by water and then rolled with 
a grooved roller to compact it. 

The finished puddle should not be exposed to the drying action 
of the air, but should be covered wdth a layer of dry clay or sand. 

FOUNDATIONS. 

The foundation is the most critical part of a masonry structure. 
The failures of masonry work due to faulty workmanship or to an 
insufficient thickness of the walls are rare in comparison with those 
due to defective foundations. When it is necessary, as so frequently 
it is at the present day, to erect gigantic edifices—as high buildings 
or long-span bridges—on weak and treacherous soils, the highest 
constructive skill is required to supplement the weakness of the 
natural foundation by such artificial preparations as will enable it 
to sustain the load with safety. 

Natural Foundations. The soils comprised under this head 
may be divided into two classes. (1) Those whose stability is not 
affected by water, and which are firm enough to support the structure, 
such as rock, compact gravels, and hard clay, and (2) soils which are 
firm enough to support the weight of the structure, but whose stability 
is affected by water, such as loose gravels, sand, clay and loam. 

Foundations on Rock. To prepare a rock foundation, all 
that is generally necessary is to cut away the loose and decayed por¬ 
tions and to dress the surface so exposed to a plane as nearly perpen¬ 
dicular to the direction of the pressure as p’-acticable; or, if the rock 
forms an iriclined plane, to cut a series of plane surfaces, like those 
of steps, for the walls to rest upon. If there are any fissures in the 
rock they should be filled with concrete. 

Poundations on Gravel, Etc. In dealing with soils of this 
iflTirl xisually nothing more is required than to cover them with a 
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layer of concrete of width and depth sufficient to distribute the weight 
properly. 

Foundations on Sand. Sand is almost incompressible so long 
as it is not allowed to spread out laterally, but as it has no cohesion, 
and acts like a fluid when exposed to I'unning water, it must be treated 
with great caution. 

Foundations on Clay. Clay is much affected by the action 
of water, and hence the ground should be well drained before the 


work is begun, and the trenches so arranged that water does not 
remain in them. In general, the less a soil of this kind is exposed 
to the action of the air, and the sooner it is protected from exposure, 
the better for the work. The top of the footings must be carried 
below the frost line to prevent heaving, and for the same reason the 
outside face of the wall should be built with a slight batter and per¬ 
fectly smooth. The frost line attains a depth of six feet in some of 
the northern states. 

The bearing power of clay and loamy soils may be greatly in¬ 
creased: (1) By increasing the depth. (2) By drainage. This 

may be accomplished by a covei^ 



L! 







Pig, 5. Drainage of Foundation Walls. 


ing of gravel or sand, the thick¬ 
ness depending upon the plas¬ 
ticity of the soil, and by surround¬ 
ing the foundation walls with a 
tile drain as in Fig. 5. If springs 
are encountered the water may 
be excluded by sheet pilings, 
puddling or plugging the spring 
with concrete. (3) By consoli¬ 
dating the soil. This may be 
done by driving short piles close 
together, or by driving piles, then 
withdrawing them and filling the 


space immediately with damp sand well rammed. If the soil is very 
loose and wet, sand will not be effective, and concrete will be found 
more satisfactory. 

Artificial Foundations. When the ground in its nat.mal 
state is too soft to bear the weight of the proposed structure, recourse 
must be had to artificial means of support, and, in doing this, what- 
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ever mode of construction is adopted, the principle must always be 
that of extending the bearing surface as much as possible. 

Foundations on Mud, silt, marshy or compressible soils are 
generally formed in one of three ways: (1) By dri^ung piles in which 
the footings are supported. (2) By spreading the footings either 
by layers of timber, steel beams, or concrete, or a combination of 
either. (3) By sinking caissons of iron or steel, excavating the soil 
from the interior, and filling with concrete. 

Foundations in Water are formed in several ways: (1) 
Wholly of piles. (2) Solid foundations laid upon the surface of 
the ground by means of cribs, caissons, or piles, and grillage. (3) 
Solid foundations laid below the surface, the ground being made dry 
by cofferdams or caissons. (4) Where the site is perfectly firm, 
and there is no danger of the work being undermined by scour, 
foundations are started on the surface, the inequalities being first 
removed by blasting or dredging. The simplest foundation of this 
class is called “Random” work or Pierre perdtie. It is formed by 
throwing large masses of stone upon the site until the mass reaches 
the surface of the water, above which the work can be carried on in 
the usual manner. Large rectangular blocks of stone or concrete 
are also used, the bottom being first simply leveled and the blocks 
carefully lowered into place. 

PILE FOUNDATIONS. 

Timber Piles are generally round, the diameter at the butt 
varying from 9 to IS inches. They should be straight-grained and 
as free from knots as possible. The variety of timber is usually 
selected according to the character of the soil. Where the piles 
will be always under water and where the soil is soft, spruce and hem¬ 
locks are used. For firm soils the hard pines, fir, elm and beech are 
preferable. "Where the piles will be alternately wet and diy, white 
or black oak and yellow pine are used. Piles exposed to tide water 
are generally driven with the bark on. It is customary to fix an iron 
hoop to the heads of piles to prevent their splitting, and also to have 
them shod mth either cast- or-wrought-iron shoes. 

Timber piles when partly above and partly under water, decay 
rapidly at the water line owing to the alternations of dryness and 
moisture. In tidal waters they are destroyed by the marine 'worm 
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called the teredo iiavalis/^ To preserve timber in such situations 
several processes are in use. The one most extensively employed 
is known as ''creosoting/'' which consists of injecting creosote or 

dead oil of coal tar into 
the pores of the timber. 

The frame of timbers 
placed on the top of the 
piles is called the grillage. 
The piles are sawed off 
square below low water, 
a timber called a cap is 
placed on the ends of 
the piles and fastened 
with drift bolts, and 
transverse timbers called 
strips are placed on the 
caps and drift-bolted to them. As many courses as necessary may be 
added, each at right angles to the one below it, the top courses being 
either laid close together to form a floor or else covered with heavy 
plank to receive the masonry. 

In some cases the grillage is omitted, a layer of concrete being 
used instead, with the heads of the piles embedded therein, as showm 
in Fig. 7. The name gril¬ 
lage is also applied to a 
combination of steel beams 
and concrete. 

Iron and Steel Piles. 

Cast iron, wrought iron, 
and steel are employed for 
ordinary bearing piles, sheet 
piles, and for cylinders. 

Iron cylinders are usually 
sunk either by dredging the 
soil from the inside or by 
the pneumatic process. 

Cast-iron piles are used 
as substitutes for wooden ones. Lugs or flanges are usually cast on 
tiie sides of the piles, to which bracing naay be attached for securing 
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them in position. A wooden block is laid on top of the pile to 
receive the blows of the hammer, and after being driven a cap with 
a socket in its lower side is placed upon the pile to receive the load. 
Solid rolled-steel piles ai'e driven in the same manner as timber 
piles, either with a hammer, machine or water-jet. 

Screw Piles are piles which are scrcw'ed into 
the stratum in which they are to stand. They 
are ordinary piles of timber or iron (the latter, 
usually hollow), to the bottom of which a screw 
disk, consisting of a single turn of the spiral, similar 
to the bottom turn of an auger, is fastened by 
bolts or pins. Instead of driving these piles into 
the ground they are forced in by turning with 
levers or machinery suitable for the pui-pose. 

The screw disks vary in diameter from 1 to 6 
feet. The water jet is sometimes employed by 
applying it to the under, upper, or both sides of 
the disk for the purpose of reducing the resistance. 

Concrete Piles. Two methods of forming 
these piles are in use. (1) The piles are made 
in moulds and carried to the place of use and 
driven in the same manner as timber piles. (2) 

Holes are made in the ground and filled with 
concietie. 

Moulded Concrete Piles. Fig. 8 shows the 
moulded pile. This pile is made in moulds and 
contains four vertical rods a at the comers, the 
rods are stayed by loops or hooks b of large wire 
sprung into place across the sides of the pile and 
held transversely by horizontal strips of thin 
metal. The feet of the piles are either wedge 
shaped or pyramidal and are protected by cast- Fig. 8.^^Mo^aea oon- 
iron points with side plates which turn in at c to 
lock with the concrete. The upper ends of the piles are shouldered in 
to give clearance for the driving cap d. This is a cast steel hood 
which fits loosely around the neck of the pile, and is filled with dry 
sand or a bag of sawdust d' retained by a day ring and hemp jacket 
e at the bottom of the cap. 
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The sand absorbs the impact of the hammer so as to permit 
the piles to be driven safely, and it raises the hood sufficiently above 
the top of the pile to permit the reinforcement rods to extend beyond 
the concmte for connection with the superstructure. 

Concrete Piles Formed in Place. Fig. 9 shows this type 
of pile. The hole is made by driving with an ordinary pile-driving 
apparatus, a sheet steel tube tapering from 20 inches 

at the top to 6 inches at 
the bottom, the tube is 
driven by means of a col¬ 
lapsible core which is with¬ 
drawn. When the desired 
depth is reached, the tube 
is then filled with concrete. 

Fig. 10 shows another 
method of forming this type 
of pile. A sheet steel shell 
is fornied by telescopic sec¬ 
tions, each section is 8 ft. 
long and has at its upper 
end projections which en¬ 
gage with projections on 
the lower end of the next 
section. To the bottom sec¬ 
tion is attached a cast iron 
point with a f-in. jet hole 
or nozzle, to which is fitted 
a 2i-in. pipe, this pipe is 
held in place by spreaders and remains in place in the finished pile, 
to which it adds lateral strength. The shell is sunk by water jet and 
filled with concrete. 

PILE-=DRIVINQ. 


1 ^ 


m3 

Fig. 10. Con¬ 
crete Pile. 


Timber piles are driven either point or butt end down; the latter 
is considered the better method. When piles are directed to be 
sharpened the points should have a length of from one and a half 
times to twice the diameter. 

To prevent the head of the pile from being broomed or split 
by the blows of the driving-ram it is bound with a wrought-iron 
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hoop, 2 to 3 inches wide and -J- to 1 inch thick. Instead of the wrought- 
iron band a casMron cap is sometimes used. It consists of a block 
with a tapering recess above and below, the chamfered head of the 
pile fitting into the one below, and a cushion piece of hard wood upon 
which the hammer falls fitting into the one above. 

When brooming occurs the broomed part should be cut off, 
because a broomed head cushions the blow and dissipates it without 
any useful effect. Piles that split or broom excessively or are other¬ 
wise injured during the driving must be drawn out. 

Bouncing of the hammer occurs when the pile refuses to drive 
further, or it may be caused by the hammer being too light, or its 
striking velocity being too great, or both. The remedy for bouncing 
is to diminish the fall. 

Excessive hammering on piles which refuse to move should be 
avoided, as they are liable to be crippled, split, or broken below the 
ground. Such injury will pass unnoticed and may be the cause of 
future failure. 

As a general rule, a hesbvy hammer with a low fall drives more 
satisfactorily than a light one with a high fall. More blows can be 
made in the same time with a low fall, and this gives less time for 
the soil to compact itself around the piles between the blows. At 
times a pile may resist the hammer after sinking some distance, but 
start again after a short rest; or it may refuse a heavy hammer and 
start under a light one. It may drive slowly at first, and more 
rapidly afterwards, from causes difficult to discover. 

The driving of a pile sometimes causes adjacent ones previously 
driven to spring upwards several feet. The driving of piles in soft 
ground or mud will generally cause adjacent ones previously driven 
to lean outwards unless means of prevention be taken. 

A pile may rest upon rock and yet be very weak, for if driven 
through very soft soil all the pressure is borne by the sharp point, and 
the pile becomes merely a column in a worse condition than a pillar 
with one rounded end. In such soils the piles need very little sharp¬ 
ening; indeed, they had better be driven butt end down without any 
point. Solid metal piles are usually of uniform diameter and are 
driven with either blunt or sharpened points. 

Piles are driven by machines called pile drivers. A pile driver 
consists essentially of two upright guides or leads, often of great 
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height, erected upon a platform, or on a harge when used, in water. 
These guides serve to hold the pile vertical wliile being driven, and 
also hold and guide the hammer used in diuving. This is a block 
of iron called a ram, monkey, or hammer, weighing anywhere from 
SOO to 4,000 pounds, usually about 2,000 to 3,000 pounds. The 
accessories are a hoisting engine for raising the hammer and the 
devices for allowing it to drop freely on the heads of the piles. 

The steam hammer is also employed for driving piles, and has 
certain advantages over the ordinary form, the chief of which lies 
in the great rapidity with which the blows follow one anotlier, allow¬ 
ing no time for the disturbed earth, sand, etc., to recompact itself 
around the sides and under the foot of the pile. It is less liable than 
other methods to split and broom the piles, so that these may be of 
softer and cheaper wood, and the piles are not so liable to “dodge" 
or get out of line. 

"WTien piles have to be driven below the end of the leaders of 
the pile driver a follower is used. This is made from a pile of suita/- 
ble length placed on top of the pile to be driven. To prevent its 
bouncing off caps of cast iron are used, one end being bolted to the 
follower and the other end fitting over the head of the pile. 

Piles ai’e also driven by the “water jet.” This process consists 
of an iron pipe fastened by staples to the side of the pile, its lower end 
placed near the point of the pile and its upper end connected by a 
hose to a force pump. The pile can be sunk through almost any 
material, except hardpan and rock, by forcing water through the 
pipe. It seems to make very little difference, either in the rapidity 
of sinking or in the accuracy with wliich tlie pile preserves its position, 
whether the nozzle is exactly under the middle of the pile or not. 

The efficiency of tlie jet depends upon the increased fluidity 
given the material into which the piles are sunk, the actual displace¬ 
ment of material being small. Hence the efficiency of the jet is 
greatest in clear sand, mud, or soft clay. In gravel or in sand con¬ 
taining a large percentage of gravel, or in hard clay the jet is almost 
useless. For these reasons the engine, pump, hose, and nozzle 
should be arranged to deliver large quantities of water with a moder¬ 
ate force rather than smaller quantities with high initial velocity. 
In gravel, or in sand containing gravel, some benefit might result from 
a velocity sufficient to displace the pebbles and drive them from the 
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vicinity of the pile. The error most frequently made in the applica¬ 
tion of the water jet is in using pumps with insufficient capacity. 

The approximate volume of w'ater required per minute, per 
inch of average diameter of pile, for penetrations under 40 feet is 
IG gallons; for greater depths the increase in the volume of water 
is approximately at the rate of 4 gallons per inch of diameter of pile 
per minute, for each additional 10 feet of penetration. 

The number and size of pipes required for various depths are 
about as follows: 


TABLE 7. 


Depth of 
penetration, 
feet. 

Diametei’ of 
loipe, inches. 

Number of 
inpes. 

Diameter 
of nozzle, 
inches. 

20 

2 

1 

1 

30 

2-^ 

1 


40 

2i 

2 

H. 

50 


2 

1 

60 


2 

1 


When the descent of the pile becomes slow, or it sticks or “ brings 
up” in some tenacious material, it can usually be started by striking 
a few blows with the pile-driving hammer, or by raising the pile about 
6 inches and allowing it to drop suddenly, with the jet in operation. 
By repeating the operation as rapidly as possible the obstruction will 
generally be overcome. 

It is an advantage to use an ordinary pile-driving machine for 
sinking piles with the water jet. The hammer being allowed to rest 
upon the head of the pile aids in accelerating the descent, and light 
blows can be struck as often as may appear necessary. The effi¬ 
ciency of the jet can also be greatly increased by bringing the weight 
of the pontoon upon which the machinery is placed to bear upon 
the pile by means of a block and tackle. 

Splicing Piles. It frequently happens in driving piles in 
swampy places, for false works, etc., that a single pile is not long 
enough, in which case two are spliced together. A common method 
of doing this is as follows. After the first pile is driven its head is 
cut off square, a hole 2 inches in diameter and 12 inches deep is 
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bored in its head, and an oak treenail or dowel-pin 23 inches long 
is driven into the hole; another pile similarly squared and bored is 
placed upon the lower pile, and the driving continued. Spliced in 
this way the pile is deficient in lateral stiffness, and the upper section 
is liable to bounce off while driving. It is better to reinforce the 
splice by flattening the sides of the piles and nailing on with, say, 8- 
inch spikes four or more pieces 2 or 3 inches thick, 4 or 5 inches wide, 
and 4 to 6 feet long. 

CONCRETE WITH STEEL BEAHS. 

The foundation is prepared by first laying a bed of concrete 
to a depth of from 4 to 12 inches and then placing upon it a row of 



I-beams at right angles to the face of the wall. In the case of heavy 
piers, the beams may be crossed in two directions. Their distance 
apart, from center to center, may vary from 9 to 24 inches, according 
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to circumstances, i.e., length of their projection beyond the masonry, 
thickness of concrete, estimated pressui-e per square foot, etc. They 
should be placed far enough apart to permit the introduction of the 
concrete filling and its proper tamping. 

Hollow Cylinders of cast iron or plate steel, commonly called 
caissons, are frequently used with advantage. The cylinders are 
made in short lengths with internal flanges and are bolted together 
as each preceding length is lowered. They are sunlc by excavating 
the natural soil from the interior. Wlien the stratum on which they 
are to rest has been reached they are filled with concrete. 

Cofferdams. Thei-e are many circumstances under which it 
becomes necessary to expose the bottom and have it dry before 
commencing operations. This is done by enclosing the site of the 
foundation with a water-tight wall. The great difficulties in the 
construction of a cofferdam in deep water are, first, to keep it water- 



Flg. 13. CoHoraam, 


tight, and, second, to support the sides against the pressure of the 
water outside. Fig. 12 shows the simplest form; it consists of two 
rows of piles driven closely and filled with clay puddle. In shallow 
water and on land sheet piling is sometimes sufficient. 

Sheet Piles are flat piles, usually of plank, either tongued and 
gix)oved or grooved only, into which a strip of torgue is driven; or 
they may be of squared timber, in which case they are called close 
piles,” or of sheet iron. The timber ones are of any breadth that 
can be procured, and from 2 to 10 inches thick, and are shaped at 
the lower end to an edge wholly from one side; this point being 
placed next to the last pile driven tends to crowd them together and 
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make tighter joints (the angle formed at the point should be 30 ). 
In stony ground they are shod with iron. 

When a space is to be enclosed with sheet piling two rows of 
guide piles are first driven at regular intervals of from 6 to 10 feet, 
and to opposite sides of these near the top are notched or bolted a 
pair of parallel string pieces or “wales, ” from 5 to 10 inches square, 
so fastened to the guide piles as to leave between the wales equal to the 
thickness of the sheet piles. 

If the sheeting is to stand more than 8 or 10 feet above the ground, 
a second pair of wales is required near the level of the ground. The 
sheet piles are driven between the wales, working from each end 
towards the middle of the space between a pair of guide piles, so that 
the last or central pile acts as a wedge to tighten the whole. 

Sheet piles are driven either by mauls wielded by men or by a 
pile-driving machine. Ordinary planks are also used for sheet 



piling, being driven with a lap; such piling is designated as “single 
lap,” “double lap,” and “triple lap.” The latter is also known as 
the ‘TYakefield” triple-lap sheet piling, shown in Fig. 13. 

Cribs are boxes constructed of round or square timber, divided 
by partitions of solid timber into square or rectangular cells. The 
cells are floored with planks, placed a little above the lower edge so 
as not to prevent the crib from settling slightly into the soil, and thus 
coming to a full bearing on the bottom. After it has been sunk the 
cells are filled -wfith sand and stone. On uneven rock bottom it may 
be necessary to scribe the bottom of the crib to fit the rock. In some 
eases rip-rap is deposited outside around the crib to prevent under- 
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mining by the current. A crib with only an outside row of cells for 
sinking it is sometimes used^ with an interior chamber in wdiicli con¬ 
crete is laid under water and. the masonry started thereon. Cribs 
are sometimes sunk into place and then piles are driven in the cells, 
which are afterward filled with concrete or broken stone. The masonry 


may then rest on the piles only, 
which in turn will be protected by 
the crib. If the bottom is liable 
to scour, sheet piles or rip-rap 
may be placed outside around the 
base of the crib. Cribs with 
only an outer row of cells for 
puddling may be used as a coffer¬ 
dam, the joints between the outer 
timbers being well calked, and 
care taken by means of outside 
pile planks to prevent watei' from 
entering beneath it. 

Caissons are of two forms, 
the ^Trect^’ or ^^open’^ and the 
inverted. The former is a 
strong water-tight timber box, 
which is floated over the site of 
the work, and being kept in place 
by guide piles, is loaded with 
stone until it rests firmly on the 
oTOund. In some cases the stone 

o 

is merely thrown in, the regular 
masoniy commencing 'wuth the 
top of the caisson; which is sunk 
a little below the level of low 
water, so that the whole of the 
timber is always covered, and 



Fig. 14. Buiiaing oa Pile PoaiKlatlon. 


the caisson remains as part of the structure. In others, the ma¬ 


sonry is built on the bottom of the caisson, and when the work 
reaches the level of the water the sides of the caisson are removed. 


The site is prepared to receive the caisson by dredging and depositing 
a layer of concrete, or by driving piles, or a combination of both. 
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The inverted caisson is also a strong water-tight box, open at the 
bottom and closed at the top, upon which the structure is built, and 
which sinks as the masonr)' is added. This type of caisson is usually 
aided in sinking by excavation made in the interior. The processes 
employed to aid the sinking of the inverted caissons are called the 
“vacuum” and the “plenum.” 

The vacuum process consists in exhausting the air from the 
interior of the caisson, and using the pressure of the atmosphere upon 
the top of it to force it dowm. Exhausting the air allows the water to 
flow past the low’-er edge into the interior, thus loosening the soil. 

The plenum or compressed-air process consists in pumping air 
into the chamber of the caisson, wdiich by its pressure excludes the 
water. Axi air lock or entrance provided with suitable doors is ar¬ 
ranged in the top of the caisson, by wdiich w'orkmen can enter to 
loosen up the soil and otherwise aid in the sinking of the caisson 
vertically by removing and loosening the material at the sides. If 
the loosened material is of a suitable character it is removed with a 
sand pump; if not, hoisting apparatus is provided and, being loaded 
into buckets by the workmen, it is hoisted out through the air lock. 

Freezing Process. This process is employed in sinking 
foundation pits through quicksand and soils saturated with water. 
The Poctsch-Sooysmith process is to sink a series of pipes 10 inches 
in diameter through the earth to the rock; these are sunk in a circle 
around the proposed shaft. Inside of the 10-inch pipes 8-inch pipes 
closed at the bottom are placed, and inside of these are placed smaller 
pipes open at the bottom. Each set of the small pipes is connected 
in a sei’ies. A freezing mixture is then allowed to flow downwards 
through one set of the smaller pipes and return upwards thrpugh the 
other. The freezing mixture flows from a tank placed at a sufiic- 
ient height to cause the liquid to flow with the desired velocity through 
the pipes. The effect of this process is to freeze the earth into a solid 
wall. 

DESIGNING THE FOUNDATION. 

Load to be Supported. The first step is to ascertain the. load 
to be supported by the foundation. This load consists of three parts: 
(1) The structure itself, (2) the movable loads on the floors and the 
snow^ on the roof, and (3) the part of the load that may-be transferred 
from one part of the foundation to the other by the force of the wind. 
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The weight of the building is easily ascertained by calculating the 
cubical contents of all the various materials in the structure. The fol¬ 
lowing data will be useful in determining the weight of the structure. 


TABLE 8. 

Weight of Masonry. 


Kind of Masonry. 

Weiglitiii 
lb. per cu. ft. 

Brickwork, pressed brick, thin joints. 

ordinary quality. 

soft brick, thick joints. 

r^.nrif‘vpf.p .. . 

145 

125 

100 

130 to 160 
165 

155 

150 

140 

125 

100 

Granite or limestone, well dressed throughout. 

“ rubble, well dressed with mortar. ... 

“ roughly dressed with mortai*. 

well dressed, drv.. ..... 

roughly dressed, dry. .... 

IVTortar dried.-.... 

.^findQ+nnc' ^ o*rfini+#3‘ .. .... 

LJCltXXLJLO Lw JiJLV.., y XtOO lilXCXXX ^X CvXXtl)^ .... 



Ordinary lathing and plastering weighs about 10 lb. per sq. ft. 

Floors weigh approximately: 

Dwellings.10 lb. per sq. ft. 

Public buildings.25 lb. per sq. ft. 

Warehouses.40 to 50 lb. per sq. ft. 

Roofs vary according to the kind of covering, span, etc. 

Shingle roof weighs about 10 lb. per sq. ft. 

Slate or corrugated iron.25 lb per sq. ft. 

The movable load on the floor depends upon the nature of the 
building. It is usually taken as follows: 

Dwellings .. .10 lb. per sq. ft. 

Office buildings.20 lb. per sq. ft. 

Churches, theatres, etc.100 lb. per sq. ft. 

Warehouses, factories.100 to 400 lb. per sq. ft. 

The weight of snow on the roof will vary from 0 in a wamu. 
climate to 20 lb. in the latitude of* Michigan. The pressure of the 
wind is usually taken at 50 Ib. per sq. ft. on a flat surface perpendicu¬ 
lar to the wind, and on a cylinder at about 40 lbs. per sq. ft. over the 
vertical projection of the cylinder. 
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Bearing Power of Soils. The best method of determining 
the loail which u particular soil will bear is by direct experiment and 
cxaniination—particularly of its compactness and the amount of 
water it contains. The values given in the following table may be 
con.sidei-ed safe for gOo<l example.s of the kind of soil quoted. 

TABLE 9- 


Bearing Power of Soils. 


Kind of sf>il 

Bearing power, 
toii.s per sanare toot. 

Min. 

Max. 


25 

30 

it cjnff . 

5 

10 

.. 

! 4 

6 

on xmcJbsL, oollj .. 

a Tinf/alir rliMT” ........... 

2 

4 

Ct tC-iy LIJ 

<< onff . 

1 

2 

ccn'iCi xnr^lT .......... 

8 

10 

VTicLv 01 ^llUL COctl BC W Cii • »*•... 

4 

6 

vOLl-ljUcW-^L cliilvi. >> di V-VA-txvT 11 Lv 

niAiiTi riw .. .... 

2 

4 

nrl cilli ivi £11 Qr^ll 

0.5 

1 

ci/llUlVl«/l (OLWJj CLL .. 



Area Required. Having determined the pressure which may 
safely be brought upon the soil, and having ascertained the weight 
of each part of the structure, the area required for the foundation 
is easily determined by dividing the latter by the former. Then, 
having found the area required, the base of the structure must be 
extended by footings of concrete, masonry, timber, etc., so as to (1) 
cover that area and (2) distribute the pressure uniformly over it. 

Bearing Power of Piles. Several formulas have been proposed 
and are in use for determining the safe working loads on piles. The 
three in general use are: 

Sander’s formtda. 

Weight of hannner in lb. X fall in inches. 

8 X Sinking at last blow. 


Safe load in lb. 


Trantwine’s forimda. 

Extreme load in tons of 2240 lbs. “ 

Cube root of fall in feet X Weight of hammer in Ib. X 0.023 
Last sinking in inches. 

Safe load to be taken at one-half of extreme load when driven in 
firm soils, and at one-fourth when driven in river mud or marshy soil. 
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Safe load in lb. 


Engineering News formttia is the latest and is considered I'eliable. 

2 ^vh 
S‘+ 1 

in which w = weight of hammer in lb.;, h = its fall in feet^ S — aver¬ 
age sinking under last blows in inches. 

Example of Pile Foundation. As an example of the method 
of determining the number of piles required to support a given build¬ 
ing, the side walls of a warehouse are selected, a vertical section of 
which is shown in Fig. 15. The walls are of 
brick, and the weight is taken at 110 pounds per 
cubic foot of masonry. 

The piles are to be driven in two rows, 
spaced two feet between centers, and it has 
been found that a test pile 20 feet long and 10 
inches at the top will sink one inch under a 
1,200-pound hammer falling 20 feet after the 
pile has been entirely driven into the soil. 

What distance should the piles be placed center to center length¬ 
wise of the wall ? 

By calculation it is found that the wall contains 157-J- cubic feet 
of masonry per running foot, and hence w^eighs 17,306 pounds. The 
load from the floors which comes upon the wall is: 

Prom the 1st floor.1500 lb. 



Fig. 15. Stone 
Footing. 


2nd 

3rd 

4th 

5th 

6th 

roof 


1380 “ 
1380 “ 
790 “ 
. 720 “ 
. 720 “ 
240 “ 


Total.6730 Ib. 

Hence the total weight of the wall and its load per running foot is 
24,036 pounds. 

The load which one pile will support is, by Sander’s rule 

1200 X 240 j 

—-== 36,000 pounds. 

By Trautwine’s rule', using a factor of safety of 2.5, the safe load 
would be 
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^/20 >r 1200 >' 0.023 

^^L_ _ - = 15 tons or 33,000 lb. 

2.5 X (1 - 1 - i; 

Then one pair of piles would support 72,000 or 67,200 pounds ac¬ 
cording to which rule we take. 

Dividing these numbers by the weight of one foot of the wall 
and its load, it is found, that, by Sander’s rule, one pair of piles will 
support 3 feet of the wall, and, ])y Trautwine s rule, 2.S feet of wall, 
hence the pile should be placed 2 feet 9 inches or 3 feet between 
centers. 


DESIGNING THE FOOTING. 

The term footing is usually understood as meaning the bottom 
coin-se or courses of concrete, timber, iron, or masonry employed 
to incr(.'a.sc the area of the base of the walls, piers, etc. What- 
e\’er the character of the soil, footings should extend beyond 
the fall of the wall (1) to ad<l to the stability of the structure 
and lessen the danger of its being thrown out of plumb, and 
(2) to distribute the weight of the structure over a larger 
area and thus decrease the settlement due to compression of the 
ground. 

Offsets of Footings- The area of the foundation having been 
determined and its center having been located with reference to the 

axis of the load, the next step is to deter¬ 
mine how much narrower each footing 
course may be than the one next below it. 

The proper offset for each course will 
depend upon the vei*tical pressure, the 
transverse strength of the material, and 
the thickness of the course. Each footing 
may be regarded as a beam fixed at one end and uniformly 
loaded. The part of the footing course that projects beyond 
the one above it, is a cantilever beam uniformly loaded. -From 
the formulas, for such beams, the safe projection may be cal¬ 
culated. 

Stone Footings. Table 10 gives the safe offset for masonry 
footing courses, in terms of the thickness of the course, computed 
for a factor of safety of 10. 


-3 Bricks —d 


X 


X 




X 


X 


X 


Fig* 1(5, Bifick Footing. 



MASONRY CONSTRUCTION 


57 


TABLE 10. 


Hind of stone. 

in 1 b. per 

SCI. 

Offset for a pressure 
in tons per sq. ft on 
the bottom of the 
course of 

0.5 • 1.0 2.0 

Bluestone flag .. 

I 2,700 

3.6 

2.6 

1.S 

Granite. 

: 1,800 

2.9 

2.1 

1.5 

Limestone. 

1,500 

2.7 

1 9 

1 3 

Sandstone.... 

1,200 

2.6 

• 1.8 

1.3 

Slate. 

5,400 

5.0 

3.6 

2..5 


Best hard brick. 

1,500 

2.7 

1.9 

1.3 

Hard brick... 

SOO 

1.9 

1.4 

0.8 

Concrete 1 Portland ) 


1 



2 Sand /■ 10 davs old. 

150 

0.8 

0.6 

0.4 

3 Pebbles 3 





Concrete 1 Rosendale ) 





2 Sand > 10 days ol<l .... 

SO 

O.G 

0.4 

0.3 

3 Pebbles \ 






■* Modulus of rupttird. 


To illustrate the method of using the preceding table, assume 
that it is desired to determine the offset for a limestone footing course 
when the pressure on the bed of the foundation is 1 ton per square 
foot, using a factor of safety of 10. On the table, opposite limestone, 
in next to the last column, we find the quantity 1.9. This shows that 
under the conditions stated, the offset may be 1.9 times the thickness 
of the course. 



Plank 
Fig 17, Timber Footing. 


Timber Footing. The rise of the transverse timbers (Fig. 17) 
may be calculated by the following formula: 

2 X X X « 


Breadth in inches 


X A 











jMasonry construction 


ill which ■;/’ = the beavinpj power in lb. per sq. ft. 

p ~ tlie projection of the beam in feet; 

.s‘ - tlie distanci' between centers of beams in feet; 

1 ) = the assiimecl depth of the beam in inches; 

A = the constant for strength which is taken for Georgia 
pine at f)0, oak Go, Norway pine GO, white pine or spruce 55. 

Steel I-Beam Footings. The dimensions of the I-beams, Fig. 
IS, can be calculated by the usual formulas, by means of the strain 



to which the part of the beam in cantilever is submitted. The safe 
load per running foot is given by the expi’ession 

W = ^ X 4 - 

6 m sr 

in which W = load in pounds per running foot; 

S = 16,000 lb. per sq. in., extreme fibre strain of beams; 
m ~ distance from center of gravity of sections to top or 
bottom; 

I == moment of inertia of section, neutral axis through 
center of gravity; 
z — span in feet. 

A ready method of determining the size of the beams is by com¬ 
puting the required coefficient of strength, and finding in the tables 
furnished by the manufacturers of steel beams the size of the beam 
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which has a coefficient equal to, or next above, the value obtained by 
the formula. C, the coefficient, is found by the following expression: 

C = 4'X.w'X.p^'Xs 

in which w = bearing power in pounds per sq. ft.; 
p = the projection of the beam in feet; 
s = the spacing of the beam, center to center, in feet. 
Table 11 gives the safe projection of steel I-beams spaced on I 
foot centers and for loads varying from 1 to 5 tons per sq. ft. 

TABLE 11. 

Safe Projection of I-Beam Footings. 


Deptli of 
beam, in. 

Weight 
per foot, 
lb. 

1 b (Ton-s per Square Foot). 

1 

IH 


3 


2 ^ 

3 


4 

4]^ 

5 

20 

80 

14,0 

12.5 

11.5 

10.0 

9.0 

9.0 

S.O 

7.5 

7.0 

6.5 

6.0 

20 

64 

12.5 

ll.C 

10.0 

8.5 

8.0 

8.0 

7.0 

6.5 

6.0 

6.0 

5.5 

15 

75 

11.5 

10.5 

9.5 

8.0 

7.5 

7.5 

‘ 6.5 

6.0 

6.0 

5.5 

5.0 

15 

60 

10.5 

9.5 

8.5 

7.5 

7.0 

6.5 

6.0 

5.5 

5.5 

5.0 

5.0 

15 

50 

9.5 

8.5 

S.O 

7.0 

6.5 

6.0 

5.5 

5.0 

5.0 

4.5 

4.5 

15 

41 

8.5 

8.0 

7.0 

6.0 

6.0 

5.5 

5.0 

4.5 

4.5 

4.0 

. 4.0 

12 

40 

8.0 

7.0 

6.5 

5.5 

5.5 

5.0 

4.5 

4.0 

4.0 

3.5 

3.5 

12 

32 

7.0 

6.5 

5.5 

5,0 

4.5 

1 4.5 

4.0 

4.0 

3.5 

3.5 

3.0 

10 

33 

6.5 

6.0 

5.5 

4.0 

4.5 

; 4.0 

4.0 

3.5 

3.5 

3.0 

3.0 

10 

25.5 

5,5 

5.0 

4.5 

4.0 

4.0 

3.5 

3.5 

3.0 

3.0 

2.5 

2.5 

9 

27 

5.5 

5.0 

4.5 

4.0 

4.0 

3.5 

3.5 

3.0 

3.0 

2.5 

2.5 

9 

21 

5.0 

4.5 

4.0 

3.5 

3.5 

3.0 

3.0 

2.5 

2.5 

2.6 

2.0 

8 

22 

5.0 

4,5 

4.0 

3.5 

3.5 

3.0 

3.0 

2.5 

2,5 

2.5 

2.0 

8 

IS 

4,5 

4.0 

3.5 

3.0 

3.0 

3.0 

2.5 

2.5 

2,0 

2.0 

2.0 

7 

20 

4.5 

4.0 

3.5 

3.0 

3.0 

3.0 

2.5 

2.5 

2.0 

2.0 

2.0 

7 

15.5 

4.0 

3.5 

3.0 

2.5 

2.5 

2.5 

2.0 

2.0 

2.0 

2.0 

1.5 

6 

16 

3.5 

3.0 

3.0 

2,5 

2.5 

2.0 

2.0 

2.0 

1.5 

1.5 

1.5 

6 

13 

3.0 

3.0 

2.5 

2.5 

2.0 

2.0 

2.0 

1.5 

1.5 

1.5 

1.5 

6 

13 

3.0 

2.5 

2.5 

2.0 

2.0 

2.0 

1.5 

1.6 

1.5 

1.5 

1.5 

5 

10 

2.5 

2.5 

2,0 

2.0 

1.5 

1.5 

1.5 

1.5 

1.5 



4 

10 

2.5 

2.0 

2.0 

1.5 

1.5 

1.5 

1,5 





4 

7.5 

2.0 

2.0 

1.5 

1,5 

1.5 

1.5 


. , . . 

. . , . 

. . . . 

. . . 


SAFE WORKING LOADS FOR HASONRY. 

Brick Masonry in Walls or Piers. 

Tons per sq. ft. 


Hard brick in lime mortar.5 to 7 

Hard brick in Rosendale cement 1 to 3. 8 toTO 
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Tons per sq. ft. 

Pressed brick in linie mortar. 6 to 8 

Pressed brick in Rosenclale cement. 9 to 12 

Pressed brick in Portland cement....- 12 to 15 

Piers exceeding in height six times their least dimension should 
be increased 4 inches in size for each additional 6 feet. 

According to the New Y ork build^g laws, brickwork in good 
lime mortar 8 tons per sq. ft., 11-1 tons when good lime and cement 
mortar is used, and 15 tons when good cement mortar*'is used. 
According to the Boston building laws: 

Best hard-burned brick (height less than six times least dimen¬ 
sion) mth 

Lb. per sq. rt. 

Mortar, 1 cement, 2 sand. 30,000 

Mortar, 1 cement, 1 lime, 3 sand. 24,000 

Mortar, lime.- 10,000 

Best hard-turned brick (height six to twelve times least dimen¬ 
sion) wnth 

Mortar, 1 cement, 2 sand. 26,000 

Mortar, 1 cement, 1 lime, 3 sand. 20,000 

Mortar, lime.14,000 

For light hard-burned brick use the above amounts. 


Stone Masonkv. 

Tons per sq. ft. 

Rubble walls, irregular stone. 3 

Rubble walls, coursed, soft stone. 2-1- 

Rubble walls, coui’sed, hard stone.5 to 16 

Dimension stone in cement: 

Sandstone and limestone...10 to 20 

Granite.20 to 40 

Dressed stone, with §-inch dressed joints, in cement: 

Granite. 60 

Marble or limestone. 40 

Sandstone. 30 

Height of columns not to exceed eight times least diameter. 

Mortars. 

In i inch joints 3 months old: Tons per sq. ft. 

Portland cement 1. to 4. 40 
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Tons per sq. ft. 

Rosendale cement 1 to 3. 13 

Lime mortar.•.. S to 10 

Portland 1 to 2 in l-incli joints for bedding iron plates. 70 

CONCKETE. 

Tons per sq. ft. 

Portland cement 1 to 8. 8 to 20 

Rosendale cement 1 to 0. 5 to 10 

Lime, best, 1 to 6. 5 

Hollow Tile. 

Pounds per sq. ft. 

Hard fire-clay tiles. 80 

Hard ordinary clay tiles. 60 

Porous terra-cotta tiles. 40 

Terra-cotta blocks, unfilled.10,000 

Terra-cotta blocks, filled solid with brick or cement. 20,000 
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PMIT II. 


CLASSIFICATIOxN OF HASONRY. 

Masonry is classified according to the nature of the material used, 
as “stone masonrj',” “brick masonry,” “mixed masonry,” composed 
of stones and bricks, and “concrete masonry.” 

Stone masonr}’- is classified (1) according to the manner in which 
the material is prepared, as “I'ubble masonry,” “squared stone ma¬ 
sonry,” “ashlar masonry,” “broken ashlar,” and the combinations 
of these four kinds; and (2) according to the manner in which the 
work is executed, as “uncoursed rubble,” “coursed rubble,” “dry 
rubble,” “regular-coursed ashlar,’” ‘broken or ix-regular-coursed 
ashlar,” “ranged work,” “random ranged,” etc. 

DEFINITIONS OP THE TERMS USED IN MASONRY. 

Abutment : (1 ) That portion of the masonry of a bridge or 

dam upon which the ends rest, and which connects the superstruc¬ 
ture with the adjacent banks. (2) A structure that receives the 
lateral thrust of an arch. 

Arris: The external angle or edge formed by the meeting of 
two plane or curved surfaces, whether walls or the sides of a stick 
or stone. 

Backed : Built on the rear face. 

Backing: : The rough masonr}^ of a wall faced with cut stone. 

Batter : The slope or inclination given to the face of a wail. 
It is expressed by dividing the height by the horizontal distance. It 
is described by stating the e.xtent of the deviation from the vertical, 
as one in twelve, or one inch to the foot. 

Bats : Broken bricks. 

Bearing Blocks or Templets : Small blocks of stone bunt 
in the wall to support the ends of particular beams. 
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Belt Stones or Courses: Horizontal bands or zones of stone 
encircling a building or extending through a wall. 

Blocking Course : A course of stone placed on the top of a 
cornice, crowning the walls. 

Bond: The disposing of the blocks of stone or bricks in the 
gQ £Ls to form the whole into a firm structure by a Judicious over¬ 
lapping of each other so as to break joint. 

A stone or brick which is laid with its length across the wall, or 
extends through the facing course into that behind, so as to bind the 
facing to the backing, is called a “header” or “bond.” Bonds are 
described by various names, as; 

Rinders, wdien they extend only a part of the distance across 
the wall. 

Through Bonds, when they extend clear across from face to back. 

Heart Bonds, when tw'o headers meet in the middle of the wall 
and the joint between them is covered by another header. 

Perpend Bond signifies that- a header extends through the whole 
thickness of the wall. 

Chain Bond is the building into the masonry of an iron bar, 
chain, or heavy timber. 

Cross Bond, in which the joints of the second stretcher eour.se 
come in the middle of the first; a course composed of headers and 
stretchers intervening. 

Block and Cross Bond, when the face of the wall is put up in cross 
bond and the backing in block bond. 

English Bond (brick masonry) consists of alternate courses of 
headers and stretchers. 

Flemish Bond (brick masonry) consists of alternate headers and 
stretchers in the same course. 

Blind Bond is used to tie the front course to the wall in pressed 
brick woi’k where it is not desirable that any headers should be seen 
in the face work. 

To form this bond the face brick is trimmed or clipped off at 
both ends, so that it will admit a binder to set in transversely from 
the face of the wall, and every layer of these binders should be tied 
with a header course the whole length of the wall. The binder should 
be put in every fifth course, and the backing should be done in a most 
substantial manner, with hard brick laid in close joints, for the reason 
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that the face work is laid in a fine putty mortar, and the jbints con¬ 
sequently close and tight; and if the backing is not the same the 
pressure upon the wall will make it settle and draw the wall inward. 
The common form of bond in brickwork is to lay three or five courses 
as stretchers, then a header course. 

Breast Wall: One built to prevent the falling of a vertical 
face cut into the natural soil; in distinction to a retaining wall, etc. 

Brick Ashlar: Walls with ashlar facing backed with bricks. 

Build or Rise: That dimension of the stone which is per¬ 
pendicular to the quarry bed. 

Buttress : A vertical projecting piece of stone or brick masonry 
built in front of a wall to strengthen it. 

Closers are pieces of brick or stone inserted in alternate courses 
of brick and broken ashlar masonry to obtain a bond. 

Cleaning Down consists in washing and scrubbing the stone¬ 
work with muriatic acid and water. Wire brushes are generally 
used for marble and sometimes for sandstone. Stiff bristle brushes 
are ordinarily used. The stones should be scrubbed until all mortar 
stains and dirt are entirely removed. 

For cleaning old stonework the sand blast operated either by 
steam or compressed air is used. Brick masonry is cleaned in the 
same manner as stone masonry. During the process of cleaning all 
open joints under window sills and elsewhere should be pointed. 

Coping: The coping of a wall consists of large and heavy 
stones, slightly projecting over it at both sides, accurately bedded on 
the wall, and jointed to each other with cement mortar. Its use is 
to shelter the mortar in the interior of the wall from the weather, and 
to protect by its weight the smaller stones below it from being knocked 
off or picked out. Coping stones should be so shaped that water 
may rapidly run off from them. 

For coping stones the objections with regard to excess of length 
do not apply; this excess may, on the contrary, prove favorable, 
because, the number of top joints being thus diminished, the mass 
beneath the coping will be better protected. 

Additional stability is given to a coping by so connecting the 
coping stones together that it is impossible to lift one of them without 
at the same time lifting the ends of the two next it. This is done 
either by means of iron cramps inserted into holes in the stone and 
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fixed there with lea<l, or, better still, by means of dowels of wrought 
iron, cast iran, copper, or hard stone. The metal dowels are inferior 
in durability to those of hard stone, though superior in strength. 
Copper is strong and durable, but expensive. The stone dowels are 
small prismatic or cylindrical blocks, each of which fits into a pair 
of opposite holes in the contiguous ends of a pair of coping stones 
and fixed with cement mortar. 

The under edge should be throated or dipped, that is, grooved, 
so that the drip will not run back on the wall, but drop from the edge. 
Coping is divided into three kim^" 

Parallel coding, level on Feather-edged coping, bedded 

level and sloping on top. Saddle-back coping has a curved or doubly 
inclined top. 

Corbell: A horizontal projecting piece, or course, of masonry 
which assists in supporting one re.sting upon it which projects still 
further. 

Cornice : The ornamental projection at the eaves of a building 
or at the top of a pier or any other structure. 

Counterfort: Vertical projections of stone or biick masoni'y 

built at intervals along the back of a M'all to strengthen it, and gen¬ 
erally of very little use. 

Course : The term course is applied to each horizontal row or 
layer of stones or bricks in a wall; some of the courses have particular 
names, as: 

Plinth Course, a lower, projecting, square-faced course; also 
called the water table. 

Blocking Course, laid on top of the comice. 

Bonding Course, one in which the stones or bricks lie with their 
length across the wall; also called heading course. 

Stretching Course, consi.sting of stretchers. 

Springing Course, the course from wdiich an arch springs. 

String Course, a projecting course. 

Rowlock Course, bricks set on edge. 

Cramps : Bars of iron having the ends turned at right angles 
lo the body of the bar, and inserted in holes and trenches 
cut in the upper sides of adjacent stones to hold them together 
(see Coping). 
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Cutwater or Starling : The projecting ends of a bridge- 
pier, etc., usually so shaped as to allow water, ic^e, etc., to strike them 
witli but little injury. 

Dowels: Straight l^ars of iron, copper, or stone which are 
placed in holes cut in the upper bed of one stone and in the lower bed 
of the next stone above. They are also placed horizontally in the 
adjacent ends of coping stones (see under Coping). Cramps and 
dowels are fastened in place by pouring melted lead, sulphur, or 
cement grout around them. 

Dry 5ton.e Walls may be of any of the classes of masonry 
previously described, with the single exception that the mortar is 
omitted. They should be built according to the principles laid down 
for the class to which they belong. 

Face : The front surface of the wall. 

Facing ; The stone which forms the face or outside of the wall 
exposed to view. 

Footing : The projecting courses at the base of a wall for the 
purpose of distributing the weight over an increased area, and thereby 
diminishing the liability to vertical settlement from compression of 
the ground. 

Footings, to have any useful effect, must be securely bonded 
into the body of the work, and have sufficient strength to resist the 
cross strains to which they are exposed. The beds should be dressed 
true and parallel. Too much care cannot be bestowed upon the 
footing courses of any building, as upon them depends much of the 
stability of the work. If the bottom course be not solidly bedded, 
if any rents or vacuities are left in the beds of the masonry, or if the 
materials be unsound or badly put together, the effects of such care¬ 
lessness will show themselves sooner or later, and always at a period 
when remedial efforts are useless. 

Gauged Work: Bricks cut and rubbed to the exact shape 
required. 

Grout is a thin or fluid mortar made in the proportion of 1 of 
cement to 1 or 2 of sand. It is used to fill up the voids in walls of 
rubble masonry and brick. Sometimes the interior of a wall is biiilt 
up dry and grout poured in to fill the voids. Unless specifically 
instructed to permit its use, grout should not be used unless in the 
presence of the inspector. When used by masons without instruc- 
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tions it is usually for the purpose of concealing bad work. Grout is 
used for solidifying quicksand. 

Grouting is pouring fluid mc^tar over last course for the purpose 
of filling all vacuities. 

Header. Also called a bond- A stone or brick whose greatest 
dimension lies perpendicular to the face of the wall, and used for the 
purpose of tying the face to the backing (see Bond). A trick of 
masons is to use “blind headers,” or short stones that look like 
headers on the face, but do not go deeper into the wall than the 
adjacent stretchers. When a course has been put on top of these 
they are completely covered up, and, if not suspected, the fraud will 
never be discovered unless the weakness of the wall reveals it. 

In facing brick walls with pressed brick, the bricklayer will fre- 
([uently cut the headers for the purpose of economizing the more expen¬ 
sive material; thus great watchfulness is necessary to secure a good bond 
between the facing and common brick. “All stone foundation walls 
21 inches or less in thickness shall have at least one header' extending 
through the wall in every 3 feet in height from the bottom of the wall, and 
in every 3 feet in length, and if over 24 inches in thickness shall have one 
header for every G superficial feet on both sides of the wall, and run¬ 
ning into the w’^all at least 2 feet. All headers shall be at least 12 inches 
in width and 8 inches in thickness, and consist of good, flat stone. 

“ In all brick walls every sixth course shall be a heading course, 
except where walls are faced with brick in running bond, in- which 
latter case every' sixth course shall be bonded into the backing by 
cutting the course of the face brick and putting in diagonal headers 
behind the same, or by splitting the face brick in half and backing 
the same with a continuous row of headers.” 

Joints. The mortar layers between the stone or bricks are 
called the joints. The horizontal joints are called “bed joints;” the 
end joints are called the vertical joints, or simply the “joints.” 

Excessively thick joints should be avoided. In good brickwork 
they should be about i to f inch thick; for ashlar masonry and pressed 
brickwork, about to inch thick; for rubble masonry they vary 
according to the character of the work. 

The joints of both stone and brick masonry are finished in 
different ways, with the object of presenting a neat appearance and 
of throwing the rainwater away from the joint. 
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Flush Joints. In these the mortar is pressed flat with the trowel 
and the surface of the joint is flush with the face of the wall. 

Struck Joints are formed by pressing or striking back with the 
trowel the upper portion of the joint while the mortar is moists so as 
to form an outward sloping surface from the bottom of the upper 
course to the top of the lower course. This joint is also designated 
by the name “weather joint.’^ IXIasons generally form this joint so 
that it slopes inwards, thus leaving the upper arris of the lower course 
bare and exposed to the action of the weather. The reason for form¬ 
ing it in this improper manner is that it is easier to perform. 

Key Joints are formed by drawing a curved iron key or jointer 
along the center of the flushed joint, pressing it hard, so that the 
mortar is driven in beyond the face of the wall; a groove of curved 
section is thus formed, having its surface hardened by the pressure. 

White Skate or Groove Joint is employed in front brickwork. It 
is about y^Q-inch thick. It is formed with a jointer having the width 
of the intended joint. It is guided along the joint by a straight edge 
and leaves its impress upon the material. 

Joggle: A joint piece or dowel pin let into adjacent faces of 
two stones to hold them in position. It may vary in form and ap¬ 
proach in its shape either the dowel or clamp. 

Jamb : The sides of an opening left in a wall. 

Lintel : The stone, wood, or iron beam used to cover a narrow 
opening in a wall, 

One-Man Stone : A stone of such size as to be readily lifted 
by one man. 

Parapet Wall is a low w’-all running along* the edge of a terrace 
or roof to prevent people from falling over. 

Pointing a piece of masonry consists in scraping out tlie mortar 
in which the stones were laid from the face of the joints for a depth 
of from ^ to 2 inches, and filling the groove so made with clear Port- 
land-cement mortar, or with mortar made of 1 part of cement and 
1 part of sand. 

The object of pointing is that the exposed edges of the joints 
are always deficient in density and hardness, and the mortar near the 
surface of the joint is specially subject to dislodgment, since the con¬ 
traction and expansion of the masonry are liable either to separate 
the stone from the mortar or to crack the mortar in the joint, thus 
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permitting the entrance of raiinvater, which freezing forces the mortar 
from the joints. 

The j)oinling morlai% wlien ready for nse, should be rather inco¬ 
herent and Cj^uite deficient in plasticity. 

Before applying the pointing, the joint must be well cleansed by 
scraping and brushing out the loose matter, then thoroughly saturated 
with water, and maintained in such a condition of dampness that the 
stones will neither absorb water from tbe mortar nor impart any to it. 
Wails should not be allowed to drj^ too rapidly after pointing. ^ 

Pointing should not be prosecuted either during freezing or 
excessively hot weather. 

pointing mortar is applied with a mason s trowel, and the 
joint well calked with a calking iron and hammer. In the very best 
work the surface of the mortar is rubbed smooth with a steel polishing 
tool. The form given to the finish joint is the same as described 
under joints. 

Pointing with colored mortar is frequently employed to improve 
the appearance of the work. Various colors are used, as white, black, 
retl, brown, etc., different colored pigments being added to the mortar 
to produce the required color. 

Tuck Pointing, used chiefly for brickwork, consists of a project¬ 
ing ridge with the edges neatly pared to an uniform breadth of about 
^inch. White moitar is usually employed for this class of pointing. 

Many authorities consider that pointing is not advisable for new 
work, as the joints so formed are not as enduring as those which are 
finished at the time the inasomy is built. Pointing is, moreover, 
often resorted to when it is intended to give the work a superior 
appearance, and also to conceal defects in inferior work. 

Pallets, Plugs: Wooden bricks inserted in walls for fastening 
trim^ etc. 

Plinth : A projecting base to a wall; also called “water table.” 

Pitched^Face Masonry: That in which the face of the stone 
is roughly dressed with the pitching chisel so as to give edges that are 
approximately true. 

Quarry-Faced or Rock-Faced Masonry; That in which the 
face of the stone is left untouched as it comes from the quarry. 

Quoin: A cornerstone. A quoin is a header for one face and 
a stretcher for the other. 
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Rip=Rap. Rip-rap is composed of rough undressed stone as it 
comes from the quarry, laid dry about the base of piers, abutments, 
slopes of embankments, etc., to prevent scour and wash. When 
used for the protection of piers the stones are dumped in promis¬ 
cuously, their size depending upon the material and the velocity of 
the current. Stones of 15 to 25 cubic feet are frequently employed. 
When used for the protection of banks the stones are laid by hand 
to a uniform thickness. 

Rise : That dimension of a stone which is perpendicular to its 
quarry bed (see Build). 

Retaining Wall or Revetment t A wail built to retain eartl 
deposited behind it (see Breast Wall). 

Reveal ; The exposed portion of the sides of openings in walk 
in front of the recesses for doors, window frames, etc. 

Slope-Wall Masonry : A slope wall is a thin layer of masonry 
used to protect the slopes of embankments, excavations, canals, river 
banks, etc., from rain, waves, weather, etc. 

Slips : See Wood Bricks. 

3pall : A piece of stone chipped off by the stroke of a hammer. 

Sill ; The stone, iron^ or wood on which the window or dooi 
of a building rests- In setting stone, sills the mason beds the ends 
only; the middle is pointed up after the building is enclosed. They 
should be set perfectly level lengthwdse, and have an inclination cross¬ 
wise, so the water may flow from the frame. 

Stone Paving consists of roughly squared or unsquared blocks 
of stone used for paving the waterway of culverts, etc.; it is laid both 
dry and in mortar. 

Starling: See Cutwater. 

Stretcher; A stone or brick whose greatest dimension lies 
parallel to the face of the wall. 

String Course : A horizontal course of brick or stone masonry 
projecting a little beyond the face of the wall. Usually introduced 
for ornament. 

Two-Men Stone : Stone of such size as to be conveniently 
lifted by two men. 

Toothing ; Unfinished brickwork so arranged that every alter¬ 
nate brick projects half its length. 

Water-Table: See Plinth. 
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Wood Bricks, Pallets, Plugs, or Slips are pieces of wood 
laid in a wall in order the better to secure any woodwork that it may 
be necessary to fasten to it. Great injury is often done to walls by 
driving wood j)lugs into the joints, as they are apt to shake the work. 
Hollow porous terra-cotta bricks are frecpiently used instead of wood 
bricks, etc. 

PREPARATION OF THE MATERIALS. 

STONE CUTTINQ. 

Dressing the Stones. The stonecutter examines the I'ough 
blocks as they come from the quarry in order to determine whether 
the blocks will work to better advantage as a header, a stretcher, or a 
cornerstone. Having decided for which purpose the stone is suited, 
he prepares to dress the. bottom bed. The stone is placed with bottom 
bed up, all the rough projections are removed with the hammer and 
pitching tool, and approximately straight lines are pitched off around 
its edges; then a chisel draft is cut on all the edges. These drafts 
are brought to the same plane as nearly as practicable by the use of 
two straight edges having parallel sides and equal widths, and the 
enclosed rough portion is then dressed down with tlie pitching tool 
or point to the plane of the drafts. The entire bed is then pointed 
down to a surface true to the straight edge when applied in any dhec- 
tion—crosswise, lengthwise, and diagonally. 

Lines are then marked on this dressed surface parallel and per¬ 
pendicular to the face of the stone, enclosing as large a rectangle as 
the stone will admit of being worked to, or of such dimensions as may 
be directed by the plan. 

The fiices and sides are pitched off to these lines. A chisel draft 
is then cut along all four edges of the face, and the face either 
dressed as required, or left rock faced. The sides. are then pointed 
down to true surfaces at right angles to the bed. The stone is 
turned over bottom bed down, and the top bed dressed in the same 
manner as the bottom. It is important that the top bed be exactly 
parallel to the bottom bed in order that the stone may be of unif orm 
tliickness. 

Stones having the beds inclined to each other, as skewbacks, or 
stones having tlie sides inclined to the beds, are dressed by n.sing a 
bevelled straight edge set to the required inclination. 
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Arch stones have two plane surfaces inclined to each other; these 
are called the beds. The upper surface or extrados is .usually left 
rough; the lower surface or intrados is cut to the curve of the arch. 
This surface and the beds are cut true by the use of a wooden or 
metal templet which is made according to the drawings furnished by 
the engineer or architect. 


TOOLS USED IN STONE CUTTING, 

The DoubIe=«Face Hammer is a* heaA^- tool, weighing from 20 
to 30 pounds, used for roughly shaping stones as they come from the 
quarry and for knocking off projections. This is used for only the 
roughest work. 

The Face Hammer has one blunt and one cutting end, and is 
used for the same purpose- as the double-face hammer where less 
weight is required. The cutting end is used for roughly squaring 
stones preparatory to the use of the finer tools. 

The Cavil has one blunt and one pyramidal or pointed end, 
and weighs from 15 to 20 pounds. It is used in qiiaiTies for roughly 
shaping stone for transportation. 

The Pick somewhat resembles the pick used in digging, and is 
used for rough dressing, mostly on limestone and sandstone. Its 
length varies from 15 to 24 inches, the thickness at the eye being 
about 2 inches. 

The Axe or Pean Hammer has two opposite cutting edges. 
It is used for making drafts around the arris or edge of stones, and in 
reducing faces, and sometimes joints, to a level. Its length is about 
10 inches and the cutting edge about 4 inches. It is used after the 
point and before the patent hammer. 

The Tooth Axe is like the axe, except that its cutting edges 
are divided into teeth, the number of which varies with the kind of 
work required. This tool is not used in cutting granite or gneiss. 

The Bush Hammer is a square prism of steel, whose ends are 
cut into a number of pyramidal points. The length of the hammer 
is from 4 to 8 inches and the cutting face from 2 to 4 inches square. 
The points vary in number and in size with, the work to be done. 
One end is sometimes made with a cutting edge ‘like that of the axe. 

'The Crandall is a malleable-iron bar about 2 feet long slightly 
flattened at one end. In this end is a slot 3 inches long and |-inch 
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wide. Through this slot are passed ten double-headed points of 
-J-inch square steel 9 inches long, which are held in place by a key. 

The Patent Hammer is a double-headed tool so formed as to 
hold at each end a set of wide thin chisels. The tool is in two parts, 
which are held together by the bolts which hold the chisels. Lateral 
motion is prevented by four guards on one of the pieces. The tool 
without the teeth is 5^- X 2| X inches. The teeth are 2f inches 
vvide; their thickness varies from iV ^ I of an inch. This tool is used 
for giving a finish to the sui-face of stones. 

The Hand Hammer, -weighing from 2 to 5 pounds. Is used in 
drilling holes and in' pointing and chiselling the harder rocks. 

The Mallet is used where the softer limestones and sandstones 
are cut. 

The pitching Chisel is usually of l-^-inch octagonal steel, 
spread on the cutting edge to a rectangle of J- X 2^ inches. It is used 
to make a well-defined edge to the face of a stone, a line being marked 
on the joint surface, to which the chisel is applied and the portion of 
the .stone outside of the line broken off by a blow -with the hand ham¬ 
mer on the head of the chisel. 

The Point is made of round or octagonal steel from J to 1 inch in 
diameter. It is made about 12 inches long, vvith one end brought to 
a point. It is used until its length is reduced to about 5 inches. It 
is employed for dressing off the irregular surface of stones, either for 
a permanent finish or preparatory to the use of the axe. According 
to the hardness of the stone, either the hand hammer or the mallet 
is tised -with it. 

The Chisel is of round steel of J to ^-inch diameter and about 
10 inches long, -with one end brought to a cutting edge from i inch 
to 2 inches wide; is used for cutting drafts or margins on the face of 
stones. 

The Tooth Chisel is the same as the chisel, except that the 
cutting edge is divided into teeth. It is used only on marbles and 
sandstonea 

The Splitting Chisel is used chiefly on the softer stratified 
stones, and sometimes on fine architectural carvings in granite. 

The Plug, a truncated wedge of steel, and the feathers of half- 
round malleable iron, are used for splitting unstratified stone. A 
row of holes is made with the drill on thte line on which the fracture 
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is to be made; in each of these two feathers are inserted, and the plugs 
lightly driven in between them: The plugs are then gradually driven 
home by light blows of the hand hammer on each in succession until 
the stone splits. 

Machine Tools^ In all large stone yards machines are used 
to prepare the stone. There is a great variety in their form, but 
since the kind of dressing never takes its name from the machine 
which forms it, it will be neither necessary nor profitable to attempt 
a description of individual machines. They include stone saws, 
stone cutters, stone grinders, stone polishers, etc. 

DEFINITION OF TERMS USED IN STONE CUTTING. 

Axed : Dressed to a plane surface wfith an axe. 

Boasted or Chiselled : Having face wrought with a chisel or 
narrow tool. 

Broached: Dressed with a punchafter being droved. 

Bush Hammered : Dressed with a bush hammer. 

Crandalled : Wrought to a plane with a crandall. 

Deadening : The crushing or crumbling of a soft stone under 
the tools while being dressed. 

Dressed Work: That which is WTOUght on the face; also 
applied to stones having the joints wTOught to a plane surface, but 
not “squared.” 

Drafted: Haying a narrow chisel draft cut around the face 
or margin. 

Droved, Stroked : Wrought with a broad chisel or hammer 
in parallel flutings across the stone from end to end. 

Hammer Dressed : Worked with the hammer. 

Herring Bone : Dressed in angular flutings. 

Nigged or Nidged : Picked with a pointed hammer or cavil 
to the desired form. 

Patent Hammered : Dresse<l with a patent hammer. 

Picked : Reduced to an approximate plane with a pick. 

Pitched : Dressed to the neat lines or edges with a pitching 
chisel. 

Plain : Rubbed smooth to remove tool marks. 

Pointed: Dressed with a point or very narrow tool. 

Polished : Rubbed down to a reflecting surface. 
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Prison ; Having surfaces wrought into holes. 

Random Tooled or Droved : Cut with a broad tool into 
irregular flutings. 

Rock Faced, Quarrjc Faced, Rough: Left as it comes from 
the cjuarry. It may be drafted or pitched to reduce projecting points 
on the face to give limits. 

Rubbed : See Plain. 

Rustic, Rusticated : Having the faces of stones projecting 
beyond the arrises, which are bevelled or* drafted. The face may be 
dressed in any desired manner. 

Scabble: To di-ess off the angular projections of stones for 
rubble masonry with a stone axe or hammer. 

Smooth ; See Plain. 

Square Droved : Having the flutings pei-pendicular to the 
lower edge of the stone. 

Striped ; Wrought into parallel grooves with a point or punch. 

Stroked : See Droved. 

Tooled : Wrouglit to a plane with an inch tool. See Droved. 

Toothed : Dressed with a tooth cliiscl. 

Vermiculated Worm Work : Wrought into veins by cutting 
away portions of the face. 

METHODS OF FINISHING THE FACES OF CUT STONE. 

In architecture there are a great many way's in which the faces 
of cut stone may be dressed, but the following are those that will be 
usually met in engineering work. 

Rough Pointed. When it is necessary to remove an inch or 
more from the face of a stone it is done by the pick or heavy point 
until the projections vary from to 1 inch. The stone is said to be 
rough pointed. In dressing limestone and granite this operation 
precedes all others. 

Fine Pointed. If a smoother finish is de&iied rough pointing 
is followed by fine pointing, which is done with, a fine point. Fine 
pointing is used only where the finish made by it is to be final, and 
never as a preparation for a final finish by another tool. 

Crandalled. This is only a speedy method of pointing, the 
effect being the same as fine pointing, except that the dots on the 
stone are more regular. The variations of level are about ^ inch and 
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the rows ar^^ made parallel. When other rows at right angles to the 
first are introduced the stone is said to be cross-crandalled. 

Axed or Pean Hammered, and Patent Hammered. These 
two vary only in the degree of smoothness of the surface which is 
produced. The number of blades in a patent hammer varies from 
6 to 12 to the inch; and in precise specifications the number of cuts 
to the inch must be stated, such as G-cut, S-cut, 10-cut, 12-cut. The 



Cro/7C/ei’//ed f^ocJc-tace wfth Draff L/ne 

Fig. 10. Methods of Finishing the Faces of Cut Stone. 


effect of axing is to cover the surface with chisel marks, which arc 
made parallel as far as practicable. Axing is a final finish. 

Tooth Axed. The tooth axe is practically a number of points, 
.and it leaves the surface of a stone in the same condition as fine 
pointing. It is usually, however, only a preparation for bush ham¬ 
mering, and the work is then done without regard to effect, so long 
as the surface of the stone is suflBciently levelletl. 
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Bush Hammered. The roughnesses of a stone are pounded 
off by the bush hammer, and the stone is then said to be bushed. 
This kind of finish is dangerous' on sandstone, as experience has 
shown that sandstone thus treated is very apt to scale. In dressing 
limestone which is to have a bush hammered finish the usual sequence 
of operation is (1) rough pointing, (2) tooth axing, and (3) bush 
hammering. 

CLASSIFICATION OF THE STONES. 

All the stones used in building are divided into three classes 
according to the finish of the surface, viz.: 1. Rough stones that 
are used as they come from the quarry. 2. Stones roughly squared 
and dressed. 3. Stones accurately squared and finely dressed. 

Unsquared Stones. This class covers all stones which are 
used as they come from the quariy without other preparation than 
the removal of verj>- acute angles and excessive projections from the 
general figure. 

Squared Stones. Tliis class covers all stones that are roughly 
squared and i-oughly dressed on beds and joints. The dressing is 
usually done with the face hammer or axe, or in soft stones with the 
tooth hammer. In gneiss, hard liinestone.s, etc., it may be necessaiy 
to use the point. The distinction between this class and the third 
lies in the degi'ee of closeness of the joints. AVhere the dressing on 
the joints is such that the distance betw^een the general planes of the 
surfaces of adjoining stones is one-half inch or more, the stone.s prop¬ 
erly belong to this class. 

Three subdivisions of this class may be made, depending on the 
character of the face of the stones. 

(a) Qiiarry-faccd or Rock-faced stones are those whose faces are 
left untouched as they come from the quarry. 

(b) Pitched-faced stones are those on which the arris is clearly 
defined by a line beyond wloieh the rock is cut away by the pitching 
chisel, so as to give edges that are approximately true. 

(c) Drafted stones are those on which the face is surrounded by a 
chisel draft, the space inside the draft being left rough. Ordinarily, 
however, this is done only on stones in which the cutting of the joints 
is such as to exclude them from this class. 

In ordering stones of this class the specifications should always 
state the width of the bed and end joints which are expected, and also 
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how far the surface of the face may project beyond the plane of the 
edge. In practice the projection varies between 1 inch and 6 inches. 
It should also be specified whether or not the faces are to be drafted. 

Cut Stones. This class covers all squared stones with smoothly 
dressed beds and joints. As a rule, all the edges of cut stones are 
drafted, and betw'een the drafts the stone is smoothly dressed. The 
face, however, is often left rough where construction is massive. 
The stones of this class are frequently termed “dimension” stone or 
“ dimension ” work. 

ASHLAR MASONRY. 

Ashlar masonry consists of blocks of stone cut to regular figures, 
generally rectangular, and biiilt in courses of uniform height or rise, 
which is seldom' less than a foot. 

Size of the Stones. In order that the stones may not be 
liable to be broken across, no stone of a soft material, such as the 
weaker kinds of sandstone and gi*anular limestone, should have a 
length greater than 3 times its depth or I'ise; in harder materials the 
length may be 4 to 5 times the depth. The breadth in soft materials, 
may range from to double the depth; in hard materials it may be 
3 times the depth. 

Laying the Stone. The bed on which the stone is to be laid 
should be thoroughly cleansed from dust and well moistened with 
water. A thin bed of mortar should then be spread evenly over it, 
and the stone, the lower bed of which has been cleaned and moistened, 
raised into position, and lowered first upon one or two strips of wood 
laid upon the mortar bed; then, by the aid of the pinch bar, moved 
exactly into its place, truly plumbed, the strips of wood removed, 
and the stone settled in its place and levelled by striking it with wooden 
mallets. In using bars and rollers in handling cut stone, the mason 
must be careful to protect the stone from injury by a piece of old 
bagging, carpet, etc. 

In laying “rock-faced” work, the line should be carried above 
it, and care must be taken that the work is kept plumb with the cut 
margins of the corners and angles. 

The Thickness of Mortar in the joints of well executed 
ashlar masonry should be about J of an inch, but it is usually about f. 

Amount of Mortar. The amount of mortar required for 
ashlar masonry varies with the size of the blocks, and also with 
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the closeness of the dressing. With g to -y-inch joints and 12 to 
20-inch courses will he about 2 cubic feet of mortar per cubic yard; 
with larger blocks and closer joints, there will be about 1 cubic foot 
of mortar per yard of masonry. Laid in 1 to 2 mortar, ordinary 
ashlar will require } to ^ of a barrel of cement per cubic yard of 
masonry. 

Bond of Ashlar Masonry. No side joint in any course 
should be directly above a side joint in the course below; but the 
stones should overlap or break joint to an extent of from once to once 
and a half the depth or rise of the course. This is called the bond of 
the masonr}’; its effect is to cause each stone to be supported by at 
least two stones of the course below, and assist in supporting at least 
two stones of the course above; and its objects are twofold: first, to 
distribute the pressure, so that inequalitie.s of load on the upper part 
of the structure, or of resistance at the foundation, may be transmit¬ 
ted to and spread over an increasing area of bed in proceeding down¬ 
wards or upwards, as the case may be; and second, to tie the structure 
together, or give it a sort of tenacity, both lengthwise and from face 
to back, by means of the friction of the stones where they overlap. 
The strongest bond in ashlar masonry is that in which each course 
at the face of the wall contains a header an<l a stretcher alternately, 
the outer end of each lieader resting on the middle of a stretcher of 
the course below, so that rather more than one-third of the area of 
the face consists of ends of headers. This proportion may be devi¬ 
ated from when circumstances require it; but in every case it is ad- 
.yisable that the ends of headers should not form less than one-fourth 
of the whole area of the face of the wall. 

SQUARED-STONE flASONRY. 

The distinction between squared-stone masonry and ashlar lies 
in the character of the di-essing and the closeness of the joints. In 
this class of masonry the stones are roughly squared and roughly 
dressed on beds and joints, so that the width of the joints is half an 
inch or more. The same rules apply to breaking joint, and to the 
proportions which the lengths and breadths of the stones should bear 
to their depths, as in ashlar; and as in a.shlar, also, at least one-fourtli 
of the face should consist of headers, whose length should be from 
three to five times the depth of the course. 
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Amount of Mortar. The amoimt of mortar required for 
squared-stone masonry varies with the size of the.stones and with the 
quality of the masonry; as a rough average, one-sixth to one-quailer 
of the mass is mortar. When laid in 1 to 2 mortar,^from ^ to of a 
barrel of cement will be required per cubic yard of masonry. 

BROKEN ASHLAR. 

Broken ashlar consists of cut stones of unequal depths, laid in 
the wail without any attempt at maintaining courses of equal rise, 
or the stones in the same course of equal depth. The character of 
the dressing and closeness of the joints may be the same as in ashlar 
or squared-stone masonry, depending upon the quality desired. The 
same rules apply to breaking joint, and to the proportions which the 
lengths and breadths of the stones should bear to their depths, as in 
ashlar; and as in ashlar, also, at least one-fourth- of the face of the 
wall should consist of headers. 

Amount of Mortar. The amount of mortar required when 
laid in 1 to 2 mortar, will be from f to 1 barrel per cubic yard of 
masonry, depending upon the closeness of the joints. 

RUBBLE MASONRY. 

Masonry composed of unsquared stones is called rubble. This 
class of masonry covers a wide range of coiisti'uctioii, from the com¬ 
monest kind of dry-stone work to a class of work composed of large 
stones laid in mortar. It comprises two classes: (1) uncoursed rub¬ 
ble, in which irregular-shaped stones are laid without any attempt 
at regular courses, and (2) coursed rubble, in which the blocks of 
unsquared stones are levelled off at specified heights to an approx¬ 
imately horizontal surface. Coursed rubble is often built in random 
courses; that is to say, each course rests on a plane bed, but is not 
necessarily of the same depth or at the same level throughout, so 
that the beds occasionally rise or fall by steps. Sometimes it is 
required that the stone shall be roughly shaped with the hammer. 

In building rubble masonry of any of the classes above men¬ 
tioned the stone should be prepared by knocking off all the weak 
angles of the block. It should be cleansed from dust, etc., and 
moistened before being placed on its bed. Each stone should be 
firmly imbedded in the mortar. Care should be taken not only that 



82 MASONKY CONSTRUCTION 


each stone shall rest on its natural bed, but that the sides parallel to 
that natural bed shall be the largest, so that the stone may lie flat, 
and not be set on edge or on end. However small and irregular the 
stones, care should be taken to break joints. Side joints should not 
form an angle with the bed joint sharper than 60°. The hollows or 
interstices between the larger stones must be filled with smaller stones 
and carefully bedded in mortar. 

One-fourth part at least of the face of the wall should consist of 
bond stpnes extending into the wall a length of at least 3 to 5 times 
their depth, as in ashlar. 

Amount of Mortar. If rubble masonry is composed of small 
and irregular stones, about of the mass will consist of mortar; if 
the stones are larger and more regular to J will be mortar. Laid 
in 1 to 2 mortar, ordinary rubble requires from to 1 barrel of cement 
per cubic yard of masonry. 

ASHLAR BACKED WITH RUBBLE. 

In this class of masonry the stones of the ashlar face should have 
their beds and joints accurately squared and dressed with the hammer 
or the points, according to the quality desired, for a breadth of from 
once to twice (or on an average, once and a half), the depth or rise 
of the course, inwards from the face; but the backs of these stones 
may be rough. The proportion and length of the headers should be 
the same as in ashlar, and the “tails” of these headers, or parts which 
extend into the rubble backing, may be left rough at the back and 
sides; but their upper and lower beds should be hammer dressed to 
the general plane of the beds of the course. These tails may taper 
slightly in breadth, but should not taper in depth. 

The rubhle backing, built in the manner described under Rubble 
Masonry, should be carried up at the same time with the face work, 
and in courses of the same rise, the bed of each course being carefully 
formed to the same plane with that of the facing. 

GENERAL RULES FOR LAYING ALL CLASSES OF 
STONE MASONRY. 

1. Build the masonry, as far as possible, in a series of courses, 
perpendicular, or as nearly so as possible, to the direction of the pres¬ 
sure which they have to bear, and by breaking joints avoid all long 
continuous joints parallel to that pressure. 
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2. Use the largest stones for the foundation course. 

3. I^ay all stones which consist of layers in such a manner that 
the principal pressure which they have to bear shall act in a direction 
perpendicular, or as nearly so as possible, to the direction of the 
layers. This is called laying the stone on its natural bed, and is of 
primary importance for strength and durability. 

4. Moisten the surface of dry and porous stones before bedding 
them, in order that the mortar may not be dried too fast and reduced 
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Fig. 20. Types of Masonry. 


to powder by the stone absorbing its moisture. 

5. Fill every part of every joint and all spaces between the 
stones with mortar, taking care at the same time that such spaces 
shall be as small as possible. 

6. The rougher the stones, the oetter the mortar should be. 
The principal object of the mortar is to equalize the pressure; and 
the more nearly the stones are dressed to closely fitting surfaces, the 
less important is the mortar. Not infrequently this rule is exactly 
reversed; i.e., the finer the dressing the better the quality of the 
mortar used. 
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All projecting courses, such as sills, lintels, etc., should be covered 
with boards, bagging, etc., as the work progresses, to protect them 
from injury and mortar stains. 

When setting cut stone a pailful of clean water should be kept 
at hand, and when any fresh mortar comes in contact with the face 
of the work it should be immediately washed off. 

GENERAL RULES FOR BUILDING BRICK MASONRY. 

1. Reject all misshapen and unsound bricks. 

2. Cleanse the surface of each brick, and wet it thoroughlj- 
before laj-ing it, in order tliat it may not absorb the moisture of the 
mortar too quicldy. 

3. Place the beds of the courses perpendicular, or as nearly 
peipendicular as possible, to the direction of the pressure which they 
have to bear; and make the bricks in each course break joint with 
those of the 00111*563 above and below by overlapping to the extent of 
from one-quarter to one-half of the length of a bi'ick. (For the stj'le 
of bond used in brick masonrj’, see under Bond in list of definitions.) 

4. Fill every joint thoroughly wuth mortar. 

Brick should not be mei-ely laid, but every one should be rubbed 
and pres.se<I down in such a manner as to force the mortar into the 
pores of the bricks and produce the maximum adhesion; with quick- 
setting cement, this is still more important than with lime mortar. 
For the best work it is specified that the brick shall be laid with a 
“shove joint/’ that is, that the brick shall first be laid so as to project 
over the one beloiv, and be pressed into the mortar, and then be 
shoved into its final position. 

Bricks should be laid in full beds of mortar, filling end and side 
joints in one operation. This operation is simple and easy with 
skilful masons—^if they wnll do it—but it requires persistence to get 
it accomplished. Masons have a habit of laying brick in a bed of 
mortar, leaving the vertical joints to take care of themselves, throwing 
a little mortar over the top beds and giving a sw’eep with the trowel 
winch more or less disguises the open joint below. They also have 
a "way after mortar has been sufficiently applied to the top bed of 
brick to <lra\v the point of their trowel through it, making an open 
channel with onlj'* a sharp ridge of mortar on each side (and generally 
throwing some of it overboard), so that if the succeeding brick is 
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taken up it will show a cleai' hollow, free from moiiar through the 
bed. This enables them to bed the next brick with more facility 
and avoid pressure upon it to obtain the requisite thickness of joint. 



Common BoikI. Euglisli Bond. Eleinibli Bond. 


Fio;. 21. Bond Used in Brick Masonry. 

With ordinary interior work a common practice is to lay brick 
with 2 and ' 4 -iiu*h mortar joints; an inspector whose duty is to keep 
joints <lown to or inch will not have an enviable task. 

Neglect in wetting the brick before use is the cause of most of 
the failures of brickwork. Bricks have a great avidity for water, and 
if the mortar is stiff and the bricks dry, they will absorb the water 
so rapidly that the mortar will not set properly, and will crumble in 
the fingers wdien dry. Mortar is sometimes made so thin that the 
brick will not absorb ail the water* This practice is objectionable; 
it interferes with the setting of the mortar, and particularly with the 
adhesion of the mortar to the brick. Watery mortar also contracts 
excessively in drying (if it ever does dry), which causes undue settle¬ 
ment and, possibly, craclcs or distortion. 

The bricks should not be wetted to the point of saturation, or 
they will be incapable of absorbing any of the moisture from the 
mortar, and the adhesion between the brick and mortar will be weak. 

The common method of wetting brick by throwing water from 
buckets or spraying with a hose over a large pile is deceptive, the 
water reaches a few brick on one or more sides and escapes many. 
Immersion of the brick for from 3 to 8 minutes, depending upon its 
f|uality, is the only sure method to avert the evil consequences of 
using dry or partially wetted brick. 

Strict attention must be paid to have the starting course level, 
for the brick being of equal thickness throughout, the slightest 
irregularity or incorrectness in it will be carried into the superposefl 
courses, and can only be rectified by using a greater or less quantity 
of mortar in one part or another, a course which is injurious to the 
work. 
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A common but improper method of building tliiek brick walls 
is to lay up tlie outer stretcher courses between the lieader courses, 
and then to throw mortar into the trough thus formed, making it 
semi-fluid by the addition of a large dose of water, then throwing in 
the brick (bats, sand, and rubbish are often substituted for bricks), 
allowing them to find their own bearing; when the trough is filled it 
is plastered over with stiff mortar and the header course laid and the 
operation repeated This practice may have some advantage in 
celerity in executing work, but none in strength or security. 

Amount of Mortar- The tliickness of the mortar joints 
should be about i to f of an inch. Thicker joints are very common, 
but should be avoided. If the bricks are even fairly good the mortar 
is the weaker part of the wall; hence the less mortar the better. 
Besides, a thin layer of mortar is stronger under compression than u 
thick one. The joints should be as thin as is consistent with their 
insuring a uniform bearing and allowing rapid work in spreading the 
mortar. The joints of outside walls should be thin in order to de¬ 
crease the disintegration by weathering. Tlie joints of inside walls 
are usually made from '§■ to -J-inch thick. 

The pi'oportion of mortar to brick will vary with the size of the 
brick and with the thickness of the joint. With the standai'd brick 


(Si 4 X 2| inches). 

the amount of moi-tar required will he as 

follows: 



Thickness of Joints. 

Mortar 

recjuired. 


Per Cubic Yard. 

Per 1,000 Brick. 


Cubic Yards. 

Cubic Yards. 

i to inch. 

.. . 0.30 to 0.40 

O.SO to 0.00 

1 3 

T S' . 

... 0.20 “ 0.30 

0.40 *' 0.(i0 

1 cc 

"S .... 

... 0.10 “ 0.15 

0.15 “ 0.20 


Face or Pressed Brick Work, Tliis term is applied to the 
facing of walls with better bricks and thinner joints than the l)a<*king. 
The bricks are pressed, of various colors, ami are laid in cohered 
inoi'tar. The bricks are laid in close joints, usually i-inch thick, and 
set with an imperceptible batter in themselves, which may not be 
seen when looking at the -woi'k direct, but which makes the joint a 
prominent feature and gives the work a good appearance. The 
brick of each course must be gauged with care and exactness, so 
that the joints may appear all alike. The bond used for the face of 





jVrASONKY C0N8TJRUCT10N 87 


the wall is called the running bond,” tlie bricks a.re clippe<l on the 
l)aek, and a binder placed transversely dierein to bond the facing 
to the backing. The joints in the backing being thicker than those 
of the face work, it is only in every six or seven courses that they come 
to the same level, so as to permit headers l^eing put in. This class 
of work recpiires careful watching to see that the binders or headers 
are put in; it frequently happens that the face work is laid tip without 
having any bond with the backing. 

In white-joint work the mortar is composed of white sand and 
fine lime putty. The mason vrhen using this mortar spreads it care¬ 
fully on the bed of the brick which is to be laid In such a way that 
when the brick is set the mox'tar will protrude about an inch from the 
face of the wall. When there are a numl>er laid, and before the 
mortar becomes too hard, the mortar that protrudes is cut off flush 
with the wall, the joint struck downwards, and the upper and lower 
edges cut with a knife guided by a small straight edge. When the 
front is built, the whole is cleaned down with a solution of muriatic 
acid and water, not too strong, and sometimes oiled with linseed oil 
cut with turpentine, and applied with a flat brush. After the front 
is thoroughly cleaned with the muriatic acid solution, it should be 
washed with clean water to remove all remains of the acid. 

When colored mortars are required, the lime and sand should 
be mixed at least 10 days before the colored pigments are adcled to 
it, and they should be well soaked in water before being added to 
the mortar. 

BRICK MASONRY IMPERVIOUS TO WATER. 

It sometimes becomes necessary" to prevent the percolation of 
water through brick walls- A cheap and effective piocess has not yet 
!)eeii discovered, and many expensive trials have proved failures. 
I^aying the bricks in asphaltic mortar and coating the walls with 
asphalt or coal tar are successful- 8ylvester\s Process for Repelling 
Moisture from External Walls,” has proved entirely successful. The 
process consists in using two washes for covering the surface of the 
walls, one composed of-Castile soap and water, and one of alum and 
water. These solutions* are applied alternately until the walls are 
made impervious to water. 
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EFFLORESCENCE. 

Alasoniy, particularly in moist climates or clamp places, is fre- 
C{uently disfigured by the formation of a white efflorescence on the 
surface. This deposit generally originates with the mortar. The 
water which is absorbed by the mortar dissolves the salts of soda, 
potash, magnesia, etc., contained in the lime or cement, and on 
evaporating deposits these salts as a white efflorescence on the surface. 
With lime mortar the deposit is frequently very heavy, and, usually, 
it is heavier with Rosendale than with Portland cement. The efflor¬ 
escence sometimes originates in the brick, particularly if the ])rick 
was burned with sulphurous coal or w'as made from clay containing 
iron pyrites; and when the brick gets wet the water dissolves the 
sulphates of lime and magnesia, and on evaporating leaves the 
crystals of these salts on the surface. The crystallization of these 
salts within the pores of the mortar and of the brick or stone causes 
disintegration, and acts in many respects like frost. * 

The efflorescence may be entirely prevented by applying ‘"Syl¬ 
vester’s^^ washes, composed of the same ingredients and applied in 
the same manner as for rendering masonry impervious to moisture. 
If can be much diminished by using impervious moi^tar for tlie face 
of the joints, 

REPAIR OF HASONRY. 

In effecting repairs in masonry, when new work is to be con¬ 
nected with old, the mortar of the old must ])e thoroughly cleaned 
off along the surface where the junction is to be made and the surface 
thoroughly wet. The bond and other arrangements will depend 
upon the circumstances of the case. The surfaces connected should 
be fitted as accui'ately as practicable, so that by using but little mortar 
no disunion may take place from settling. 

As a rule, it is better that new work should butt against the old, 
either with a straight joint visible on the face, or let into a chase, 
sometimes called a ""slip-joint,” so that the, straight joint may not 
show; but if it is necessary to bond them together the new work 
should be built in a quick-setting cement mortar and each part of it 
allowed to set before being loaded. 

In poiliting old masonry all the decayed mortar must be com¬ 
pletely raked out with a hooked iron point an<l the surfuc*cs well 
wetted before the fresh mortar is applied- 
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riASONRY STRUCTURES. 

Tlie component parts of masonrj’^ structures may be divided 
into several classes according to the efforts they sustain, their forms 
and dimensions depending on these efforts. 

1. Those which sustain only their own weight, and are not 
liable to any cross strain upon the blocks of which they are composed, 
as the walls of enclosures. 

2. Those which, besides their own weight, sustain a vertical 
pressure aiising from a weight borne by them, as the walls of edifices, 
columns, the piers of arches, bridges, etc. 

3. Those which sustain lateral pressures and cross strains, 
arising from the action of earth, w^ater, frames, arches, etc. 

4. Those -which sustain a vertical upward or downw^ard pres¬ 
sure, and a cross strain, as lintels, etc. 

5. Those which transfer the pressure they directly receive to 
lateral points of support, as arches. 

WALLS. 

Walls are constructions of stone, brick, or other mateiials, and 
serve to retain earth or w'ater, or in buildings to support the roof and 
floors and to keep out the weather. The following points should be 
attended to in the construction of walls: 

The wdiole of the walling of a building should be carried up 
simultaneously; no part should be allowed to rise more than about 
3 feet above the rest; otherwise the portion first built will settle down 
to its bearings before the other is attached to it, and then the settle¬ 
ment w’hich takes place in the new'er portion will cause a rupture, 
and cracks will appear in the structure. If it should be necessary 
to carry up one part of a wall before the other, the end of that portion 
first built should be racked hack, that is, left in steps, each course pro¬ 
jecting farther than the one above it. 

Work should not be hurried along unless done in cement mortar, 
but given time to settle to its bearings. 

Thickness of Walls. The thickness necessary to be given 
walls depends upon the height, length, and pressure of the load, 
wind, etc., and may be determined from that section of applied me¬ 
chanics termed '‘Stability of Structures.” In practice, however, 
these calculations are rarely made except for the most important 
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structures, for the reason that if a vertical wall he properly con¬ 
structed upon a sufficient foundation, the combined mass will retain 
its position, and bear pressure acting in the direction of gravity, to 
any extent that the ground on which it stands and the component 
materials will sustain. But pi-essure acting laterally has a tendency 
to overturn the wall, and therefore it must be the aim of the con¬ 
structor to compel as far as possible, all forces that can act upon an 
upright wall to act in tlie direction of gravity. 

In determining thickness of walls the following general prin¬ 
ciples must be recognized: 

1. That the center of pi-essure (a vertical line through the center 
of gravity of the weight), shall pass through the center of the area of 
the foundation. If the axis of pressure does not coincide exactiv 
with, the axis of the base, the ground will yield most on the side which 
is pressed most; and as the ground yields, the base aissumes an incliried 
position, and carries the lower part of the .structure with it, producing 
cracks, if nothing more. 

2. That the length ol a Avail is a source of AA’cakness ancl that 
the thickness should be inci-eased at least 4 inches for every 25 feet 
over 100 feet in length. 

3. That high stories and clear .spans exceeding 25 feet recpiire 
thick walls. 

4. Bhat Avails of Avarehoiuses and factorie.s recpiire a gi'euter 
thickne.ss than those used for dwellings or offices. 

5. That Avails containing openings to the extent of 33 per 
cent of the area should be increased in thickness. 

6. That a Avail should never be bonded into anotlier Avail 
either much heavier or lighter than itself. 

In nearly all of the larger cities the minimum thickne,s.s of walls 
is prescribed by ordinance. 

The accompanying table giA'es the more usual dimensions: 
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RETAINING WALLS- 

A retaining Avail is a .wall built for the purpose of “retaining” 
or holding up earth or water. In engineering practice such walls 
attain frequently large proportions, being used in the construction of 
railroads, docks, waterworks, etc. 

The form of cross-section varies considerably according to cir¬ 
cumstances, ami often according to the fancy of the designer, ddic 
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more usual forms are shown in Figs. 22 to 25. The triangular section 
is the one which is theoretically tire most economical, and the nearer 
that practical consideration will allow of its being conformed to 
the better. 

All other tmngs being equal, the greater the face batter the 
greater ■will be the stability of the wall; but considerations conuec*ted 
AA-ith the functions of the wall limit the full application of this con¬ 
dition, and walls are usually c*onstructed with only a moderate batter 
on the face, the diminution towards the top being obtained by a back 
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batter worked out in a series of offsets. Walls so designed contain 
no more material and present greater resistance to overturning than 
walls with vertical backs. 

Dry stone retaining walls are best suited for roads on account of 
their self-draining properties and their cheapness. If these dry wails 
are properly filled in behind with stones and chips^ they are, if well 
constructed, seldom injured or overthrown by pressure from behind, 
if the stone is stratified with a flat cleavage, the construction of retain¬ 
ing and pa<rapet walls is much facilitated. If the stone has no natural 
cleavage, great care is necessary to obtain a proper bond. If walls 
built of such stone are of coursed rubble, care is required that the 
masons do not sacrifice the strength of the walls to the face appearance. 
The practice of building walls with square or rectangular-faced 
stones, tailing off Ijeliind, laid in rows, one course upon the other, 
the rear portions of the walls being of chips and rough stones, set 
anyhow, cannot be condemned too strongly. Such a construction, 
which is very common, has little transverse and no longitudinal 
strength. 

Idttle or no earth should be used for back filling if stone is avail¬ 
able. Where earth filling is used, it should only be thrown in and 
left to settle itself; on no account should it be wetted and rammed. 

Thickness of Walls. Retaining walls require a certain 
thickness to enable them to resist being overthrown by the thrust of 
the material which they sustain. The amount of this thrust depends 
upon the height of the mass to be supported and upon the quality of 
the material. 

Surcharged Walls. A retaining wall is said to be surcharged 
when the bank it retains slopes backwards to a higher level than the 
top of the wall; the slope of the bank may be either equal to or less, 
but cannot be greater, than the angle of repose of the earth of the 
bank. 

Proportions of Retaining Walls. In determining the pro¬ 
portions of retaining walls experience, rather than theory, must be 
our guide. The proportions will depend upon the character of the 
material to be retained. If the material be stratified rock with inter¬ 
posed beds of clay, earth, or sand, and if the strata incline toward 
the wall, it may require to be of far greater thickness than any ordi¬ 
nary retaining wall; because when the thin seams of earth become 
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softened by infiltrating rain, they act as lubricants, like soap or tallow, 
to facilitate the sliding of the rock strata; and thus bring an enormous 
pressure against the wall. Or the rock may be set in motion })t the 
action of frost on the clay seams. Even if there be no rock, still if 
the strata of soil dip toward the wall, there will always be danger 
of a similar result; and additional precautions must be adopted, 
especially when the strata reach to a much greater height than 
the wall. 

The foundation of retaining walls should be pai-ticularly secure; 
the majority of failure's which have occurred in such walls have been 
due to defective foundations. 

Failure of Retaining Walls. Retaining walls generally fail 
(1) by overturning or by sliding, or (2) by bulging out of the bodj of 
the masonry. Sliding may be prevented by inclining the courses 
inward. An objection to this inclination of the joints in diy walls 
is that rainwater, falling on the battered face, is therein carriefl 
inwards to the earth backing, which thus becomes soft an<l settles. 
This objection may be os’ercome by using mortar in the face joints 
to the depth of a foot, or by making the face of the wall nearly 
vertical. 

Protection of Retaining Walls. The top of the walls 
should be protected with a coping of large heavy stones laid as headers. 

Where springs occur behind or below the wall, they must be 
carried away by piping or otherwise got rid of. 

The back of the wall should be left a.s rough as po.ssible, so as 
to increase the friction of the earth against it. 

Weep Holes. In. masonry walls, weep holes must be left at 
frequent intervals, in very wet localities as close as 4 feet, so a.s to 
peimit the free escape of any water which may find its way to the 
back of the wall. These holes should l)e about 2 inches wide aixl 
should be backed with some permeable material, sucli as gravel, 
broken stone, etc. 

Formula for Calculating Thickness of Retaining Walls. 

E = weight of earthwork per cubic yard. 

W=weight of wall per cubic yard. 

H = height of wall. 

T =. thickness of wall at top. 

T = II X tabular number (Table 12). 
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TABLE 12. 

Coefficients for Retaining Walls. 
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111 : W 

:: 1 : 5 

: AV 

::1 : 1 







Cliiy. 

Sand. 

Clay. 

Sand 

1 in 4 

. 0<S8 

.020 

.115 

.054 

1 in 5 

.122 

.005 

.155 

.092 

1 ill 0 

.149 

.092 

.183 

.118 

1 ill 8 

.1S4 

.125 

.218 

.153 

1 in 12 

.221 

.100 

. 250 

.189 

Vertical 

. 800 

.289 

830 

.267 


Retaining walls of tlry stone should not be less than 3 feet thick 
at top, with a face batter of 1 in 4 and back perpendicular, the courses 
laid pei’pendicular to the face batter. Weep holes are unnecessajy 
unless the walls are in very wet situations. 

Retaining walls of masonry should be at least 2 feet thick at top, 
back perpendicular and face battered at the rate of 1 in 6. 

Surcharged Walls. In calculating the strength of surcharged 
walls substitute Y for H, Y being the perpendicular at the end of a 
line, L = H measured along the slope to be retained (Fig. 26). 
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DESCRIPTION OF ARCHES. 

Basket-Handle Arch ; One in which tbe intrados resembles 
a semi-ellipse, but is composed of arcs of circles tangent to each other 

Circular Arch ; One in which the intrados is a part of a circle. 

Discharging Arch ; An arch built above a lintel to take the 
superincumbent pressure therefrom. 

Elliptical Arch : One in which the intrados is a part of an 
ellipse. 

Oeostatic Arch; An arch in equilibrium under the vertical 
pressure of an earth embankment. 

Hydrostatic Arch : An arch in equilibrium under the vertical 
pressure of water 
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Inverted Arches are like ordinaiy arches, but arc built with 
the crown downwards. They are generally semicircular or segmexital 
in section, and are used chiefly in connection with foundations. 

Plain or Rough Arches are those in which none of the bricks 
are cut to fit the splay. Hence the joints are quite close to each other 
at the soffit, and wider towards the outer curve of the arch; they are 
generally used as relieving <ind afop tunnel lining^ 

and all arches where strength is essential and appearance no par¬ 
ticular object. In constructing arches of this kind it is usual to form 
them of two or more four-inch concentric rings until the required 
thickness is obtained. Each of the successive rings is built inde¬ 
pendently, having no connection with the others beyond the adhesion 
of the mortar in the ring joint. It is necessary that each ring should 
be finished before the next is commenced; also that each course be 
bonded throughout the length of the arch, and that the ring joint 
should be of a regular thickness. For if one ring is built with a thin 
joint and another with a thick one the one having the most mortar will 
shrink, causing a fracture and depriving the arch of much of hs 
strength. 

Pointed Arch : One in which the intrados consists of two arcs 
of equal circles intei'secting over the middle of the span. 

Relieving Arch : See Discharging Arch. 

Right Arch: A cylindrical arch either circular or elliptic^a', 
terminated by two planes, termed heads of the arch, at right angles 
to the axis of the arch. 

Segmental Arch: One whose intrados is less than a semicircle. 

Semicircular Arch: One whose intrados is a semicircle; also 
called a full-centered arch. 

Skew Arch : One whose heads are oblique to the axis. Skew- 
arches are quite common in Europe, but are rarely employed in the 
United States; and in the latter when an oblique arch is employed it 
is usually made, not after the European method with spiral joints, 
but by building a number of short righUarches or ribs in c*onta<*t with 
each other, each successive rib being placed a little to one side of its 
neighbor. 

DEFINITIONS OF PARTS OF ARCHES. 

Abutment; The outer wall that supports the arch, and wliich 
connects it to the adjacent banks. 
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Arch Sheeting : The voussoirs which do not show at the end 
of the arch. 

Camber is a slight rise of an arch, as to J inch per foot 
of span. 

Crown : The highest point of the arch. 

Extrados ; The upper and outer surface of the arch. 

Haunches : The sides of the arch from the springing line half 
way up to 'tlie crown. 

Heading Joint: A joint in a plane at right angles to the axis 
of the arch. It is not continuous. 

Intrados or Soffit; The under or lower surface of the arch. 

Invert : An inverted arch, one with its intrados below the axis 
or springing line; e.g., the lower half of a circular sewer. 

Keystone : The center voussoir at the crown. 

Length: The distance between face stones of the arch. 

Pier; The intermediate support for two or more arches. 

Ring Course: A course parallel to the face of the arch. 

Ring Stones : The voussoirs or arch stones which show at 
^he ends of the arch. 

Rise: The height from the springing line to under side of the 
arch at the keystone. 

Skew Back: The upper surface of an abutment or pier from 
which an arch springs; its -face is on a line radiating from the 
center of the arch. 

Span: The horizontal distance from springing to springing of 
the arch. 

Spandrel; The space contained between a horizontal line 
drawn through the crown of the arch and a vertical line drawn through 
the upper end of the skew back. 

Springing: The point from which the arch begins or springs. 

Springer: The lowest voussoir or arch stone. 

String Course: A course of voussoirs extending from one 
end of the arch to the other. 

Voussoirs: The blocks forming the arch. 

Arches: The arch is a combination of W'edge-shaped blocks, 
termed arch stones, or voussoirs, truncated towards the angle of the 
wedges by a curved surface which is usually nonnal to the surfaces 
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of the joints between the blocks. This inferior surface of the arch 
is termed the soffit. The upper or outer surface of the arc*h is termed 
the back. 

The extreme blocks of the arch rest against lateral suppoii:s, 
termed abutments, which sustain both the vertical pressure arising 
from the weight of arch stones, and the weight of whatever lies upon 
them; also the lateral pressure caused by the action of the arch. 

The forms of an arch may be the semicircle, the segment, or a 
compound curve formed of a number of circular curves of different 
radii. Full center arches, or entire semicircles, offer the advantages 
of simplicity of form, great strength, and small lateral thrust; but if 
the span is large they require a correspondingly great rise, which is 
often objectionable. The flat or segmental arch enables us to reduce 
the rise, but it throws a great lateral strain upon the abutments. The 
compound curve gives, wdien properly proportioned, a strong arch 
wdth a moderate lateral action, is easily adjustable to different ratios 
between the span and the rise, and is unsurpassed in its general 
appearance. In • striking the compound curve, the following con¬ 
ditions are to be observed: The tangents at the springing must be 
vertical, the tangent at the crown horizontal, and the number of 
centers must be uneven, curves of 3 and 5 centers will be found to 
fulfil all requirements. 

In designing an arch the first step is to determine tlie thickness 
at the crown, Le., the depth of the keystone. This depth depends, 
upon the form, and rise of the arch, the character of the masonry, 
and the quality of the stone; and is usually determined by Traut wine’s 
formula, which is as follows for a first-class cut stone arc’h whetiier 
circular or elliptical. 


D == 


"[/ It —|— S 


+ 0 . 2 . 


in which 

D === tlie depth at the crown in feet. 

R = the radius of curvature of the intrados in feet. 

S = the span in feet. 

For second-class work, the depth found by this formula may be 
increased about one-eighth part; and for brickwork or jair rubblc\ 
about one-third. 
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Table 13 gives tlie depth of keystone for semicircular arghes, 
the second cohunn being for hammer-dressed beds, the third for beds 
roughly dressed with the chisel, and the fourth for brick masonry. 

TABLE 13. 

Thickness of Arch in inches. 

Spun ill feet. — -- .— ___ 



Pirst'Class Masonry. 

Second-class Masonry 

Brick Masonry. 

G 

12 

15 

12 

S 

13 

16 

10 

10 

14 
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20 

J2 

15 

19 

20 

U 

16 

20 

24 

!6 

17 

21 

24 

IS 1 

IS 

23 ' ; 

24 

20 

19 

24 1 

1 24 

25 

20 

i 25 1 

i 28 

30 

21 

! 26 i 

' 28 

35 

- 22 

2S i 

28 

40 

! 23 

■ 29 

32 

45 

24 

30 i 

32 

50 

25 

31 1 

32 


Thickness of Arch at the Springing. Generally the thick¬ 
ness of the arch at the springing is found by an application of 
theory. 

If the loads are vertical, the horizontal component of the 
compression on the arch is constant; and hence, to have the 
mean pressure on the joints uniform, the vertical projection of the 
joints should be constant. This principle leads to the following 
formula: 

The length measured radially of each joint between the joint of 
rtipfuro and the crown should be such that its vertical projection is equal 
to the depth of the keystone. 

The length of the joint of rupture, i.e., the thickness of the arch 
at the practical springing line, can be computed by the formula 

z = d sec a 

in which z is the length of the joint, 
d the depth of the crown, 
a the angle the joint makes with the vertical. 

The following are the values for circular and segmental arches: 
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R 

1 


4' 

R 

1 


(5 ’ 

R 

1 

iS ~ 

"F’ 

It:! 

1 

1 


10 

R 

1 

S ~ 

12 


, 1 = 1.4:0 a 
7.= 1.24 r? 

, I = 1.18 a 


in Avhich R = the rise, in feet 
S = the span, in feet. 


Thickness of the Abutments. The thickness of the abut¬ 
ment is determined by the-following formula: 

f = 0.2 p 4- 0.1 R ■+■ 2.0 

in which t is the thickness of the abutment at the springing, p the 
radius, and R the rise—all in feet. 

The above formula applies equally to the smallest culvert or the 
largest bridge—^whether circular or elliptical, and whatever the pro¬ 
portions of rise and span—and to any height of abutment. 

Table 14 gives the minimum thiclmess of abutments for arches 
of 120 degrees where the depth of ci-own does not exceed .8 feet. 
Calculated'from the formula 



in whibh D = depth or thickness of crown in feet; 

H = height of abutment to springing in feet; 

R = radius of arch at crown in feet; 

T = thickness of abutment in feet. 

Arches fail by the crown falling inward, and thrusting outwar<I 
the lower portions, presenting five points of rupture, one at the key¬ 
stone, one on each side of it whicli limit the portions that fall inwanl, 
and one on each side near the springing lines which limit the parts 
thrust outward. In pointed arches, or those in which the rise is 
greater than half the span, the tending to yielding is, in some <‘a.se.s, 
different, and thrust upward and outward the parts near the crown. 
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TABLE 14 . 

Minimum Thickness of Abutments for Arches of 120 Degrees 
Where the Depth of Crown Does Not Exceed 3 Feet. 


Span of 
Arch. 

Height of Abutment to Springing, in feet 

5 

7.5 j 

1 

10 

r30 

1 

3<1 

8 feet 

3.7 

4.2 

4 3 

4.G 

4 7 

9 

tt 

3.9 

4.4 

4.6 

4.9 

5.0 

10 

it 

4.2 

4.6 

4,8 

5.1 

5.2 

12 

tc 

4.5 

1 4.7 

5 2 

5:6 

5,7 

14 

“ \ 

4.7 

5.2 

5 5 

G.O 

6.1 

IG 

tt 

4.9 

5.6 

5.8 

G.4 

G.5 

IS 

it 

5.1 

5.S 

6.1 

G.7 

6.9 

20 

tt 

5.3 

6 0 

6 4 

7.1 

7.2 

22 

it 

5.5 

G,2 

6 G 

7,3 

7,6 

24 

** 

5.0 

G.4 

6.9 

7.0 

7.9 

30 

(< 

6 0 

7.0 

7.5 

S.l 

8.8 

•10 

it 

G.5 

7 7 

S 4 

0.6 

10.0 

50 


G.9 

8.2 

9.1 

10.5 

11.1 

GO 

it 

7.2 

8.7 

9.7 

11.4 

12.0 

70 

et 

7.4 

9.1 

10.2 

11 8 

12.9 

SO 

tt 

7.G 

9.4 

10.0 

12.8 

13 6 

90 

tt 

7.8 

9.7 

11.0 

13.4 

14.3 

100 

tt 

7.9 

10.0 

11.4 

14.0 

15.0 


Note. The thickness of abutment for a semicircular arch may bo taken from the 
above table by considering it as approximately equal to that for an arch of 130 degrees 
having the same radius of curvature; therefore by dividing the span of the semicircular 
arch by 1.155 it will give the span of the 13f-ciegree arch requiring the same thickness of 
abutment. 


The angle which a line drawn from the center of the arch to the 
joint of rupture makes with a vertical line is called the angle oj rupture. 
This term is also used when the arch is stable, or where there is no 
joint of rupture, in which case it refers to that point about which there 
is the greatest tendency to rotate. It may also be defined as including 
that portion of the arch near the crown which will cause the greatest 
thrust or horizontal pressure at the crown. This thrust tends to 
crush the voussoirs at the crown, and also to overturn the abutments 
about some outer joint. In very thick arches rupture may take place 
from slipping of the joints. 

In order to avoid any tendency of the joints to open, the arch 
should be so designed that the actual resistance line shall everywhere 
be within the middle third of the depth oi the arch ring. 

In general the design of an arch is reached by a series of approx¬ 
imations. Thus, a form of arch and spandrel must be assumed in 
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advance in order to find their common center of gravity for the pur¬ 
pose of determining the liorizontal thrust at the crown, and the 
reaction at the skewback. 

Backing. The backing is masonry of inferior quality or con¬ 
crete, laid outside and above the arch stones proper, to give additional 






Pig". 80. Flat Arcli." 



security. Ordinarily, the backing has a zero thickness at or near 
the crown, and gradually increases to the upringing line. 

Spandrel Filling. Since the surface of the roadway must 
not deviate from a horizontal line, a considerable quantity of material 
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is required above the backing to bring the roadway level. Ordinarily 
this space is filled with earth, gravel, broken stone, cinders, etc. 
Sometimes to save filling small arches are built over the haunches 
of the main arch. 

Drainage. The drainage of arcti bridges of more than one 
span is generally efiected by giving the top surface of the backing a 
slight inclination from each side toward the center of the width of the 
bridge and also from the center toward the end of the span. The 
water is thus collected over the piers, from whence it is discharged 
through pipes laid in the masomy. 

To prevent leakage through the backing and through the arch 
sheeting, the top of the former should be covered with a layer of 
puddle, or plastered with a coat of cement mortar, or painted with 
coal tar or asphaltum. 

Brick Arches, The only matter requiiing special mention in 
connection with brick arches is the bond to be employed. When 
the thickness of the arch exceeds a brick and a half, the bond from 
the soffit outward is a very important matter. There are three 
principal methods employed in bonding brick arches: (1) The arch 
may be built in concentric rings; i.e., all the brick may be laid as 
stretchers, with only the tenacity of the mortar to unite the several 
rings. This method is called rowlock bond: (2) Part of the brick 
may be laid as stretchers and part as headers, by thickening the outer 
ends of the joints—either by using more mortar or by driving in thin 
pieces of slate, so that there shall bs the same number of brick in 
each ring. This form of construction is called header and stretcher 
bond: (3) Block in course bond is formed by dividing the arch into 
sections similar in shape to the voussoirs of stone arches, and laying 
the brick in each section with any desired bond. 

Skewback. In brick arches of large span a stone skewback 
is used for the arch to spring from. The stone should be cut so as 
to bond into the abutment,, and the springing surface should be cut 
to a true plane, radiating from the center from which the arch is 
struck. 

Flat Arches are* often built over door or window openings; 
they are always liable to settle and should be supported by an 
angle bar, the vertical flange of which may be concealed behind 
the arch. 
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Relieving Arches. This term is applied to arches turned 
over openings in wails to support the wall above; beams called lintels 
are usually used in connection with this type of arch, the lintel should 
not have a bearing on the wall of more than 4 inches, and the arch 
should spring from beyond the ends of the lintel as shown in A, Fig. 31, 
and not as at B. 


CONSTRUCTION OF ARCHES. 

In constructing ornamental arches of small span the bricks 
should be cut and rubbed with great care to the proper splay or wedge 
like-form necessary, and according to the gauges or regularly measured 
dimensions. 

Tiiis is not always done, the external course only being rubbed, 
so that the work may have a pleasing appearance to the eye, while 
the interior, which is hidden from view, is slurred over, and in order 
to save time many of the interior bricks are apt to be so cut away as 
to deprive the arch of its strength. This class of work produces 
cracks and causes the arch to bulge forward, and may cause one of 
the bricks of a straight arch to drop down lower than the soffit. 

In setting ai’ches the mason should be sure that the centers are 
set level and plumb, that the arch brick or stone may rest upon them 
square. When the brick or stone are properly cut beforehand the 
courses can be gauged upon the center from the key downwards. 
The soffit of each course should fit the center pei'fectly. 

The moi-tar joints should b 3 as thin as possible and well flushed up. 

In setting the face stones it is niecessary to have a radius line, and 
draw it up and test the setting of each stone as it is laid. 

The framing, setting up, and striking of the centers are very 
important parts of the construction of any arch, particularly one 
of long span. A change in the shape of the center, due to insufficient 
strength or improper bracing, will be followed by a change in the 
curve of the intrados, and consequently of the line of resistance, 
which may endanger the safety of the arch itself. 

CENTERING FOR ARCHES. 

No arch becomes self-supporting until keyed up, that is, until 
tlie crown or keystone course is laid. Until that time the arch ring, 
which should be built up simultaneously from both abutments, has 
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to be supported by frames called centers. These consist of a series 
of ribs placed from 3 to 6 or more feet apart, supported from below. 
The upper surface of these ribs is cut to the fomi of the arch, and over 
these a series of planks called laggings are placed, upon which the 
arch stones directly rest. The ribs may be of timber or iron. They 
should be strong and stiff. Amy deformation that occurs in the rib 
will distort the arch, and may even result in its collapse.. 

Striking the Center. The ends of the ribs or center frames 
usually rest upon a timber lying parallel to, and near, the springing 
line of the arch. This tim¬ 
ber is supported by wedges, 
preferably of hardwood, rest¬ 
ing upon a second stick, which 
is in turn supported by wooden 
posts, usually one under each 
end of each rib. The wedges 
between the two timbers, as 
above, are used in removing 
the center after the arch is 
completed, and are known as 
striking wedges. They consist 
of a pair of folding wedges, 1 
to 2 feet long, 6 inches wide, 
and having a slope of from 1 
to 5 to 1 to 10, placed under 
each end of each rib. It is 
necessary to remove the cen¬ 
ters slowly, particularly for 
large arches; and hence the 
striking wedges should have 
a very slight taper, the larger the span the smaller the taper. 

The center is lowered by driving back the wedges. To lower 
the center imifomily the wedges must be driven back uniformly. 
This is most easily accomplished by making a mark on the side of 
each pair of wedges before commencing to drive, and then moving 
each the same amount. 

The inclined surfaces of the wedges should be lubricated when 
the center is set up, so as to facilitate the striking. 
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Screws may Lc used instead of wedges for lowering centers. 

Sand is also eniployed for the same pni*pose. ^ The method fol¬ 
io-wed is to support the center frames by wooden pistons or plungers 
resting on sand confined in plate-iron cylinders. Near the bottom 
of each cylinder there is a plug which can be withdrawn and replaced 
at pleasure, thus regulating the outflow of the sand and the descent 
of the center. 

There is great difference of opinion as to the proper time for 
striking centers. Some hold that the center should be struck as 
soon as the arch is completed and the spandrel filling is in place, 
while others contend that the mortar should be given time to harden. 
It is probably best to slacken the centers as soon as the keystone 
course is in place, so as to bring all the joints under pressure. The 
length of time -u^hich should elapse before the centers are finally 
removed should vary with the kind of mortar employed and also 
■with its amount. In brick and rubble arches a large proportion of 
the arch ring consists of mortar, and if the center is i-emoved too soon 
the compression of this mortar might cause a serious or even dangerous 
deformation of the arch. Hence the centers of such ardies should 
remain until the mortar lias not only set, but has attained a con¬ 
siderable part of its ultimate strength. 

Frequently the centers of bridge arches are not removed for 
three or four months after the arch is completed, but usually the 
centers for the arches of tunnels, sewers, and culverts are removed 
as soon as the arch is turned and, say, half of the spandrel filling 
is in place. 


BRIDGE ABUTMENTS. 

Form. There are four forms of abutment in use, they are named 
according to their form as the straight abutment, the wing abutment, 
the U abutment and the T abutment. 

The form to be adopted for any particular* case will depend 
upon .the location—whether the banks are lo-w and flat, or steep and 
rocky, whether the current is swift or slow, and also upon the relative 
cost of earthwork and masonry. Where a river acts dangerously 
upon a shore, wing walls will be necessary. These -wings may be 
curved or straight. The slope of the wings may be finished with an 
inclined coping, or offset at each course. Wing walls subjected to 




Fig. ,33, Bridge Abutment and Anchorage. 
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special strains, or to pai’ticular currents of water require positions 
and forms accordingly. 

The abutment of a bridge has two o£&ces to perform; (1) to 
suppoi-t one end of the bi-idge, and (2) to keep the earth embankment 
from sliding into the water. 

The abutment may fail (1) by sliding forward, (2) by bulging, 
or (3) by crushing. 

The dimensions of abutments will vary with each case, with 
the form and size of the bridge and with the pressure to be sustained; 
the dimensions may be determined by the same formulas as used 
for retaining walls. 

For milroad bridges the top dimensions are usually 5 feet wide 
by 20 feet long. The usual batter is 1 in 12, for heights under 20 
feet the top dimensions and the batter determine the thickness at the 
bottom. For greater heights, the uniform rule is to make the thick¬ 
ness four-tenths the height. 

Bridge abutments are built of first or second-class masonry or 
of concrete alone or faced with stone masonry, according to the im¬ 
portance and location of the structure. 

BRIDGE PIERS. 

The thickness of a pier for simply supporting the weight of the 
superstructure need be but very little at the top, care being taken to 
secure a sufficient bearing at the foundation. Piers should be tliick 
enough, however, to resist shocks and lateral strains, not only from 
a passing load, but from floating ice and ice jams; and in rivers where 
a sandy bottom is liable to deep scouring, so that the bottom may 
work out much deeper on one side of a pier than on the other, regard 
should be paid to the lateral pressure thus thrown on the pier. For 
mere bearing purposes the following widths are ample for first-class 
masonry—span 50 feet, width 4 feet, span 200 feet, width 7 feet. 
Theoretically the dimensions at the bottom are determined by the 
area necessary for stability; but the top dimensions required for the 
bridge seat, together with the batter, 1 in 12 or 1 in 24, generally 
make the dimensions of the base sufficient for stability. 

The up-stream end of a pier, and to a considerable extent the 
down-stream end also, should be rounded or pointed to serve as a 
cutwater to turn the current aside and to prevent the formation of 
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whirls which act upon the hed. of the stream around the foundation, 
and also to form a fender to protect the pier proper from being dam¬ 
aged by ice, tugs, boats, etc. This rounding or pointing is designated 
by the name starling, the best form appears to be a semi-ellipse. 
The distance to which they should extend from the pier depends 
upon local circumstances. 

A bridge pier may fail in any one of these w^ays; (1) by sliding 
on any section on account of the action of the wind against the ex- 



Fig. 35. Tyiie of Bridgt) Pier. 


posed part of the pier; (2) by "overturning at any section where the 
moment of the horizontal forces above the sec'tion exceeds the moment 
of the weight of the section; or (3) by crushing at any section under 
the combined weight of the pier, the bridge and the load. Bridge 
piers are usually constructed of quarry-faced ashlar backed with 
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rubble or concrete. Occasionally, for economy^, piers, particularly 
pivot-pie]*s, are built holknv—^sometimes with and sometimes without 
cross walls. 

CULVERTS. 

Culverts are employed for conveying under a railroad, highway, 
or canal the small streams crossed. They may be of stone, brick, con¬ 
crete, earthenware, or iron pipe or any of these in combination. Two 
general forms of masonry culverts are in use, the box and the arch. 

Box Culverts. The box consists of vertical side walls of 
masonry with flagstones on top extending from one wall to another. 

The foundation consists of large stones and the side walls may 
be laid dry or in mortar: 



Fig. 38. Plan. Fig. 39. Section CD. 

T 7 pos of Box Ciilvei'ts. 


The paving should be laid independent of the walls and should 
be set in cement mortar. The end walls are finished either with a 
plain wall perpendicular to the axis of the culvert and may be stepped, 
or provided with wing walls as the circumstances of each case may 
require. 

The thickness of the cover stone may be determined by con¬ 
sidering it as a beam supported at the ends and loaded uniformly* 
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Figs. 36 to 39 show the form of this class of culverts and the 
dimensions given in Table 1.5 will serve as an approximate guide for 
general use. 


TABLE 15. 

Dimensions for Box Culverts. 


Area. 

Opening. 

Side Wall- 

Depth of Cover. 

Length of Cover. 

4 feet 

2' X 2' 

2' X 2' 

12 inches 

5 foot 

9 “ 

3X3 

3 X 2\ 

16 “ 

6 “ 

*16 

4X4 

4X3 

20 “ 

Y 

25 

5X5 

5 X SI 

22 “ 

S * ^ 

36 

0X6 

6X4 

24 

9 


Arch Culverts. The dirnensions of arch culverts are deter¬ 
mined in the manner described herein under arches, attention, how¬ 
ever, being given to the following points: 

Wing Walls- There are three common ways of arranging the 
wing walls at the end of arch culverts: (1) The culvert is finished 
with straight walls at right angles to the axis of the culvert. (2) The 
wings are placed at an angle of 30 degrees with the axis of the culvert. 
(3) The wing walls are built parallel to tjae axis of the cidvert, the 
back of the wing and the abutment being in a straight line and the 
only splay being derived from thinning the wings at their outer edge. 
The most economical and better form for hydraulic considerations 
is the second form. 

Designing Culverts. In the design of culverts care is required 
to provide an ample way for the water to be passed. If the culvert 
is too small, it is liable to cause a washout, entailing interruption of 
trafiic and cost of repairs, and possibly may cause accidents that will 
require the payment of large sums for damages. On the other hand, 
if the culvert is made unnecessarily large, the cost of construction is 
needlessly increased. 

The area of waterway required, depends (1) upon the I’ate of 
rainfall; (2) the kind and condition of the soil; (3) the character anti 
inclination of the surface; (4) the condition and inclination of the bed 
of the stream; (5) the shape of the area to be drained, and the position 
of the branches of the stream; (6) the form of the mouth and the 
indination of the bed of the culvert; and (7) whether it is permi.ssible 





MASONRY CONSTRUCTION 


ii; 


to back the water up above the culvert, thereby causing it to diseharg. 
under a head- 

(1) The maximum rainfall as shown by statistics is about on 



Fig. 43. Section CD. 
Type of Arch Culvert. 


inch per hour (except during heavy storms), equal to 3,630 cubic fet 
per acre. Owing to various causes, not more than 50 to 75 per cer 
of this amount will reach the culvert within the same hour. 
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Inches of rainfall X 3,630 = cubic feet per acre. 

Inches of rainfall X 2,323,200 = cubic feet per square mile. 

(2) The amount of water to be clraineJ ol? will depend upon 
the permeability of the surface of the gi'ound, which wall vary greatly 
with the kind of soil, the degree of saturation, the condition of the 
cultivation, the amount of vegetation, etc. 

(3) The rapidity with 'which the water will reach the Avater- 
eourse depends upon whether the surface is rough or smooth, steep 
or flat, barren or covered with vegetation, etc. 

(4) The rapidity with which the water will reach the culvert 
depends upon whether there is a well-defined and unobstructetl chan¬ 
nel, or whether the water finds its way m a brosul thin .sheet. It the 
watercourse is unobstructed and has a considerable inclination, the 
water may arrive at the culvert nearly as rapitlly as it falls; but if 
the channel is obstructed, the water may be much longer in paasing 
the culvert than in falling. 

(5) The area of the waterway depends upon the amount of the 
area to be drained; but in many cases the shape of this area and the 
position of the branches of the stream are of more importance than 
the amount of the territory. For e.vample, if the area is long and 
nan-ow, the water from the lo-wer portion may pa,ss through the 
culvert before that from the upper end arrives; or, on the other haml, 
if the upper end of the area is steeper than tlie lower, the ivater from 
the former may arrive simultaneously with that from the latter. 
Again, if the lower part of the area is better supplied with branches 
than the upper portion, the w^ater fi-om the former will be carried ]>ast 
the culvert before the arrival of that from the latter; or, on the otlier 
hand, if the upper portion is better supplied with branch wmtereoiir.se.s 
than the lower, the water from the whole area may anive at the culvexi 
at nearly the same time. In large areas the shape of the area and 
the position of the watercourses are very important considerations. 

(6) The efficiency of a culvert may be materially increased by 
so arranging the upper end that the wmter may enter it without being 
retarded. The discharging capacity of a culvert can also be increased 
by increasing the inclination of its bed, provided the channel below 
will allow the water to flow away freely after having passed the culvert. 

(7) The discharging capacity of a culvert can be greatly in¬ 
creased by allo-wing the water to dam up above it- A culvert will 
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discharge twice as much under a head of four feet as under a head 
of one foot. This can be done safely only with a well-constructed 
culvert. 

The determination of the values of the different factors entering 
into the problem is almost wholly a matter of judgment. An estimate 
for any one of the above factors is liable to be in error from 100 to 200 
per cent, or even more, and of course any result deduced from such 
data must be very uncertain. Fortunately, mathematical exactness 
is not required by the problem nor warranted by the data. 'The 
question is not one of 10 or 20 per cent of increase; for if a 2-foot pipe 
is insufficient, a 3-foot pipe will probably be the next size, an increase 
of 225 per cent; and if a G-foot arch culvert is too small, an 8-foot will 
be used, an increase of ISO per cent. The real question is whether 
a 2-foot pipe or an S-foot ai-ch culvert is needed. 

Calculating Area of Waterway. Numerous empirical for¬ 
mulas have been proposed for this and similar problems; but at best 
they are all only approximate, since no formula can give accurate 
results with inaccurate data. 

The size of waterway may be determined approximately by 
the following formula: 

in which 

Q = the number of cubic feet per acre per second reaching the 
moiith of the culvert or drain. 

C = a coefficient ranging from .31 to .75, depending upon the 
nature of the surface; .02 is recommended for general 
use. ^ 

r z=z average intensity of rainfall in cubic feet per acre per 
second. 

S = the general grade of the area per thousand feet. 

A = the area drained, in acres. 

CONCRETE STEEL MASONRY. 

Concrete in the form of blocks made at a factory, and concrete 
formed in place and reinforced by steel 3*ods and bars of differing 
shapes is*" being substituted in many situations for stone and brick 
masonry. For the construction of bridges and floors it is extensively 



116 


^[ASONRy CONSTRUCTION 


emploverL Several systems are in use, each laiown by the name of 
the inWntor. Fig. 44 shows the different types which are more or 

less consists of a mesh work of longitudinal and 

transverse rods of steel, usually placed near the center line of the arch 




Fip:. 44. Types} of Concrete J^teel Arclies. 


rib. This type rests on the theory that the steel rods will resist the 
compressive stresses of the rib, while the concrete acts merely as a 
stiffener to prevent the steel from buckling, 

The Melan type consists of steel ribs embedded in the concrete 
and extending from abutment to abutment. The ribs are in the 
form of steel I-heams curved to follow' the center line of the arc’h rib. 
The steel is assumed to be sufficient to resist the bending moments 
of the arch, while the concrete is relied upon to resist the thrust and 
to act as a preservative coating for the steel. 

The Von Emperger arch is a modification of the Melan arch, 
the ribs are built up with angles for the flanges and diagonal lacing 
replaces the web, on the theory that the metal slrould be concentrated 
near the extrados of the arch to more effectually i-esist the bending 
moments. 











LIVING ROOM IN RESIDENCE AT KENOSHA, WIS. 

Pond & Pond, ArcMtects, Chicago, Ill. 

Woodwork of Birch, Stained Mahogany. For Exterior and Plan, See Page 3J4, 
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The Thacher type is formed Ijy omitting the web and reinforcing 
the concrete by steel bars in pairs one above the other, one near the 
extrados and one near the intrados, the steel being relied upon to 
resist the bending moments while the concrete is expected to resist 
the thrust of the arch. 

In the Hyatt arch that ])ortion of the steel bars or rods which in 
the Thacher arch is sul)jected to the greatest compression is omitted. 

In the Luter arch tlie concrete rib is reinforced by tension mem¬ 
bers passing from one side of the arch rib to the other. 

In the Hennebique system an arch barrel or drum, four to six 
inches in diameter, is supporte<l by ribs of concrete below, the concrete 
of the drum being reinforced with steel rods placed near the extrados, 
and that of the ribs by steel rods near the iiitrados. 

Numerous forms of steel shapes are advocated for the reinforce¬ 
ment of concrete when employed for arches, retaining walls, etc.; 
twisted bars, corrugated bars, expanded metal and lock woven steel 
are some of the names applied to the different shapes. 

The method employed for constructing concrete walls is in brief 
as follows: A wooden form is erected, consisting of slotted standards 
made of C-incii boards nailed together with spacing blocks between 
them at their ends, §-inch bolts are used to join the standards on 
opposite sides of the wall. The standards are for the purpose of 
holding molding boards in position while the concrete is being de¬ 
posited between them. These boards are of dressed pine IJ inches 
thick. After the lower portions of the concrete has set the boards 
are removed and used above. Vertical rods of twisted or corrugated 
steel are built in the wall spaced about 12 inches apart. In some 
cases level horizontal bars of steel are also embedded in the walls. 





DESIGNS FOR DOORKNOCKERS 

R. Binet, Arcliitect, Paris, France. 

Reproduced from ^'■JEJsquisses Ricoratwes de Binet^ Architected^ 
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Show inc his escutcheon, and I will tell you of the manJ' 

Introductory. Hardware in building is generally considered to 
embrace all metallic appliances of a meclianical nature. For example 
nails, screws binding the various parts together, hinges permitting 
movement, and locks to secure moving parts in place, are all in the 
nature of mechanical appliances. Ornamental metallic parts, such 
as railings, grilles, steps, etc., cannot be classed under this head. 

There is no other division of building materials in which the 
variety is so great or the range of each variety so wide. The distance, 
for example, separating the cast-iron lock (Fig. 1), at one dollar anrl 
a-quarter a dozen, from the cylinder front-door lock (Fig. 2), at 
seventy-five dollars a dozen, is great. If, however, we Avere to trace 
the evolution from the 
one to the other, we 
should find that the 
extremes are connected 
by such fine gradations 
and steps that nowhere 
can any break in type be 
detected: there is no 
missing link. 

The same conditions 
in vaiydng extent apply 
to all otlier classes of 
hardware—hinges, bolts, 
etc.—and to a luiyer 
who consults cata¬ 
logues, comes the further complication that all items are sold, not 
according to the 'price Iht, but on discounts from such lists. The 
word discoimts is here used advisedly, for there is no one, single 
tliscount applied to all classes of hardware. For different types of 
appliances, there are different discounts. Some items are sold as 
high as 10 per cent off; the next may carry a discount of 75 per cent; 
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{ind, between these, discounts are varied and graded as delicately as 
are the types themselves. 

Time has had a marked effect in changing the clunacter ot hanl- 
ware. The latches, loiockers, or locks^of 150 years back are very 
different from any of the types characteristic of to-day; an<l while the 
imitations which can now be made are good in their waj', still nowheic 
in the 150 vears is there a marked break in the line of dc% elopiiieni 
from the prized antique to the best production of the present day. 

As a plain example, take the nails and bolts forged in the “fac- 
toi’v” of Jefferson at IMonticelio, and nearly one hundred %eai.'-> ago 

used in the trusses over the old 
wSenate Chamber at the Capitol in 
JVashington (Fig. 3); compare them 
with those in use to-day, and liieii 
try to have duplicates foi'ged; and 
the difRculty of getting the spirit of 
the past, even in simple things, will 
be appreciated. 

Nationalitv serves also to ring 
the changes. The French artisan 
will make a delicate but strong appli¬ 
ance Avhich reflects unconsciously Iho 
influence of the[|objccts of 'art Avitli 
which he can and does daily I'oino 
in contact. The Louvre, with its 
innumerable treasures of art—fretdy 
open to the street-sweeper in his 
blouse, as well as to the rich—has 
its effect on national pTOduction. 

The English, from the same design, will produce something u*>t 
so delicate, nor with such an artistic "go;” but it will be strong, 
heaAW—in fact, English. 

The American will make tlie best reproduction of the design it i.s 
possible to get from his machineiy in large lots; but it often hicl-cs the 
fine touch of the artist, which the French impart, or (he evident firm¬ 
ness of purpose of the English. 

Also we find the personal element exerting a strong influence. 
As far hack as can be traced in history, different men have considerenj 
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that they possessed cerl<ain quaiities, or existed under certain con¬ 
ditions^ peculiar to themselves, which in a wav disiiiiguished them 
from their fellows; and they have tried to illustrate such (|iialities hy 
means o( insignia borne by them and put in conspicuous places in 
their abodes. In this Avay the escutcheon has always been used ns a 
distinguishiiig syml>uL 

Comparatively little attention is paid to heraldry nowadays, 
espt'cially in America. The use of the symbol on the escutcheon is. 
ill this country, a survival of old taistoms now rarely seen. Tin* 
name of ch^ciiicJicoN, however, still clings to what is the most con- 



Fip:. 3. ‘%TeiTevs<m’’ Nails and Holt s. 

From Tinisses of < )ltl Senate ('lia.iulier in < lipitol, Waslim^’ton, D. C. 


spicuous pit'ce of house liardwarc now in use; and this piece of hard¬ 
ware tells the story of tlie general character of the householder who 
sek^cted it, just as truly as did the escutcheon of the wandering knight 
of mediieval years. 

It will not be the province of this paper to settle the style or 
kind of hardware which should be selected liy people of different tem¬ 
peraments, or to suit any design; individual tastes and judgment must 
in onch ease govern; but it will be its province, in a general way, 
to point out the cliaracteristies of the material now obtainable, Ihf^ 
intention being to offeu' something more in the nature of suggestion 
tfian as an absolute guide. 
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NAILS AND SCREWS 

These embrace the class of most uninteresting hardware—so 
commonplace as hardly to demand attention^ but they play, after all, 
a large part in modern construction, and have had the greatest influ¬ 
ence in the evolution of the now almost extinct trade of joinery^ as 
understood a hundred years ago. 

By reference to the cut of the ^‘^Jefferson^^ nail (Idg. 3), it will 
be seen that it is a wedge more adapted to splitting all wood through 
which it is driven than to make the parts more secure. It was the 
successor of the oak pin of Colonial days, and was used iii much the 
same way. After the parts were most carefully fitted together, holes 
were bored only slightly smaller than the nail, and the latter was 
driven in to se¬ 
cure the close 
contact of the 
parts, which, 
indeed, were al¬ 
ready fitted so 
nicely that they 
would cling to¬ 
gether w i t li a 

T . T End Of a Piece of Old Timber from Cai^itol, Wush- 

V e r V slight ington, 13. C., Showing: Former Metln^d of 

, . P " Making Spliced Joint . 

binder. 

Fig. 4 is the end of a timber taken from the Capitol, which shows 
how the splice joint was made; this was a joiner s fit, wlixch took 
very little to complete the union. Through all the work of joinery— 
illustrated by this close fitting—^the same principles extended, so that 
the use of nails of the Jefferson type was very limited. 

Screws, except in very crude forms, were seldom us(‘d. Fig. 3 
shows bolts and a nut of the same period taken from the Capitol 
trusses. It will be noted that in order to make their use possible, the 
parts must have been accurately fitted. 

With modern machinery for making nails and screws, eainc* a n* vo¬ 
lution in carpentry w^ork. The old mortise-and-tenon timber frame 
gave way to the balloon frame. Joinery died a natural death, as it 
was found much cheaper simply to lay the pieces together an<l drive 
spikes or nails until the whole was solid. In many instances the use 
of spikes or nails was carried to extremes—in fact, their use her^nme 
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reckless; and so important is their place in construction work, even 
to-day, that it is a hv-word, that “any man is a carpenter who can 
drive a nail.” But the man who can select the right nail or screw, 
anil drive it where it is nee.ded, and in the right way, is a rare man. 

From the strictly pra<*lical standpoint, nails and screws may be 
<livi<led into two classes—those used in construction work only; 
second, those used iu construction work so exposed as to rccpiire 
consideration of the appearances they present. 

For the first, round wirc^ nails are now used almost exclusively. 
Tile older cut nail is wedge-shaped, Avith two rougli sales, which make 
it hard to drive and wliieh tear the fibre the wimmI; the wedge shaj)e, 
moreover, pca-mits tlie.se nails, after they are once started, to be more 
easily drawn out. The wire nail is smooth, does not tear the wood, 
tmd is more easily driven than the wedge; and, on account of l>eing of 
th(' same diameter tliroiighont, it holds firmly c‘vcu after luang started 
in withdrawal. 

A nail should never be driven clear through any woodwork so 
that the point appears, unless it is clhicfuxl, iu which case a wrouglit- 
iron or “clout” nail is requiri'cl; the wire nail is too hard to be easily 
bent and clinched. A nail driven clear through so as to expose the 
point unclinched will not hold so well as one shorter with the end 
l)urieiL 

In tlie frame, it is not the numlier of nails that tells, l>ut their 
careful jdacing iu such parts and at such points as to keep the build¬ 
ing stiff. Nails shoiihl be grouped to afford the largest efficiency. 
In nailing the boarding onto a frame, for example, it is m^cessary to 
put two nails in each board to each stud. One nail wouhl be siifli- 
ci<*nt to secure the boards; but, as there is bound in be a slight slirink- 
age drawing the edges of the boards apai't, if the frame is not other¬ 
wise vSt^eurely braced, a strong wind will ruck the structure out of 
plumb until the edgt^s of the board.s touch again, the single nail 
iu each board allowing a swing which would have l)eeu eftcctuaily 
stopped by two. 

Tlu‘ small<\si nail eoniix^tent to accomplish the purpose should be 
used, on account of the greater case with which it can be <lrivcn; the 
diflerence iu effort re(iuire<l to drive ten thousand 20d nails and an 
c<iual number of IGd’s is a very material item in expense. 

When strength is obtained by doubling timbers and in trusses. 
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bolts and nuts witb large washers should be used to the exclusioir of 
nails, as a sudden jar or a slight shrinkage of the wood will prevent 
the nails clamping the parts closely together, and this separation or 
loosening of the joints materially reduces stiffness and strength. 

The use of wrought-iron nails can with great profit be extended. 
For instance, after a house is boarded up and building paper put on, 
in placing the exterior finish boarding, of whatever nature it may be, 
if the nails are clinched on the inside, the contact will be so close 
as to prevent the opening of cracks between the layeis, and in cold 
weather tlie nails will not “draw” and allow the joints to open. 

Where nails must be used in finished surfaces, all questions of 
general construction must be dropped, and only such nails used as are 
absolutely necessary to secure the members in place; and special 
attention should be given to selecting nails with such heads as will 
not disfigure the finish. Wire nails of very small diameter and with 

heads only slightly larger in size, are now 
made; and it is remarkable how firmly these 
hold the parts in place. These nails, carefully 
driven and with heads wf bcl(3w tJie surface 
of the finish, leave a small mark that can be 
readily hidden with putty colored to match 
the tone of the wood. 

Wherever possible, nails should be put in the quirks or con¬ 
cealed places, rather than in plain surfaces where the la.st blow of 
the hammer is apt to leave a round indentation in the wood. A 
careful carpenter in good work can place his finish so that it can be 
either nailed or screwed in place from the back, or the nails or screws 
placed so that the heads will be covered or in inconspicuous places. 

In purely constructive work, screws (unless as bolls) arc little 
used except in special finish, such as mantels and other cabinet-work 
put togetlier and finished complete before being set in place. 

When it is necessary to provide for the shrinking and swelling 
of the wordwork, round-head screws with washers can l)e u.setl. Fig. 
5 illustrates such a screw, A being the washer; B a long .slot, and 
the screw; this arrangement allows movement with the .screw sliding 
on the washer. 

When it is necessary to use screws in finished .surfaces, the treat¬ 
ment should be exactly the reverse of that governing the use of nails. 
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There are many forms of screws on the market, with well- 
fornied heads, finished in lacqncr, blued, or plated (it is necessary to 
have t^omc finish to prevent rust). A variety of typical forms are 
shown in Fig. 6. The custom of starting screws with a liammer—in 



Fig. 0. Typical Forms of ftcrevs. 


fact, driving them tln'ee-c[uarters of the way in—cihould not be 
allowed; a screw with a battered head or not driven in straight, dis¬ 
figures the work; when starttn-l by the liammt'r, one or both of these 
conditions generally prevail. 



Screws which show should have heads of pronounced shape, 
spaced regularly—in fact, made a fcatnrt^ in the design. 

HINGES AND BUTTS 

This group of liai*dware is the most important on the list, for 



if the hinge is out of order or lacking, the <loor is absolutely useless. 
It matters little if the latch, lock, or bolt be missing; some simple 
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device will siapply the lock and piwluce the results usually obtained 
from the missing fixture. Without hinges, however, the door cannot 
be operated. 

Hinges, properly speaking, consist in those appliances which 
are secured on the faces of the door and frame. Unfortunately they 
are now made, for the most part, in only the cheap grades, being used 
on bams and gates and in other inferior locations, and are known 
as strcb'p hinges (Fig. 7) or tee-hinges (Fig. 8), etc. 

The possibility of their artistic use is shown in the fact that 
manufacturers of high-grade hardware make a variety of hinge plates 
(Fig. 9) to be screwed on the face of door and frame independent of 
the butt, to represent the complete hinge. 



Pip;. 9. Hinso Platens. 


It is unfortunate that the hinge proper has dropped so completely 
out of the house hardware list. In its simple forms it has chu meter 
and dignity. Some of the best efforts of the Gothic builders an<l the 
metal workers of the most artistic periods, have been put forth to 
produce hinges of perfect workmanship and design. The attempt 
of the manufacturers to supply the appearance by making the plates 
separate, has led to the production of unduly elaborated face-plate.s 
of thin metal, whicli are often screwed on without reference to their 
suitability to the location or surroundings, so that, instead of having 
the appearance of being a minor item for use in swinging the door, 
they give the impression that the door is for the special purpose of 
exliibiting the hardware. 
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The simple barn liinge inay occasionally be used with propriety 
and good artistic effect. Fig. 10 shows a common form of the hinge 
on a house door ^^’'here the finished timbers show throughout. These 
hinges are fastened l>y small lag-screws, and, wdiile inexpensive, give 
a very artistic air to 
a coiiimoii stoclv door. 

But there is difficulty 
when such appliances 
are used, in finding 
other fixtures to carry 
out the idea. In tlie 
case above inferred to, 
it was necessary to 
have a latcli forge<l 
specially (Fig. 11), as 
nothing suitable of stock pattern could be found. 

The h^di (Fig. 12) is that style of hinge (butt hinge) commonly 
used in swinging doors, sashes, etc., which is screw’ed to the butt 
eda'e of the door and which can be fully seen only when the door is 
open; wlien shut, only the knuckles of the butt are visible. 

Modern custom requires, 
in the large majority of 
cases, that the conventional 
butt be used, and it should 
receive the careful consid¬ 
eration of the designer. 
There are many efforts to 
give ornamental effects, 
even in the clieapest of 
cast-iron butts, by working 
patterns on the parts never 
seen exce{)t when tiie door 
is wide open, and by mak¬ 
ing ornamental tips on the 
pin which fastens them to¬ 
gether (Fig* 13)* These 
attempts are unfortunate, generally serving merely to empha¬ 
size the cheap cliaracter of the article; and the plain black. 
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smooth surface is always to be preferred. With slight mollifications, 
these objections may be raised against almost all atti-mpts to make 
ornamental butts in other materials. 

Door Butts (and tliis is, so far, tlie largest class) are matle of 
cast iron, wrought iron, brass, or bronze, the exjx?nse increasing 
in that order. The cast-iron door butt should be avoided if possibk, 
on account of its brittleness allowing it to break under slight stress, 
when the door, in falling, often does damage which costs more to 
repair than would a very expensive butt at the beginning. 

Fig. 14 shows the or¬ 
dinary type of a 
hniiohled loos e-pi >i 
icroiigM-stecl butt. The 
knuckles are mai'ked J. 

If the door is hung to 
the wing E, it is evident 
that the bearing point.s 
of the butt will be at B, 
B; if the door is hung on 
the wing marked F, tlie 
bearing points Avill lx* 
C, C. D is the head of 
the loose phi, ^ehieh ex¬ 
tends through til o 
knuckles, as indicati-fl bv 
dotted lines; this can he 
withdrawn when it is de¬ 
sired to take clcwn the 

Pig. IS. Plain Butt, Boose-Pin Trpe. door 

For ordinary doors the butt should not be less than four inche.s 
high, with five knuckles to each butt for the loosc-pin type. An 
examination will show that there are always two bearings on each 
five-knuckled butt, so that if there are three butts to a door there are 
always six bearing points; and when the weight of the door is con¬ 
sidered, with the fact that all this weight is carried from one si<le, 
the necessity for ample bearings will be appreciated. The loose pin 
allows the doors to be taken down readily; and wlien, from exccs.sive 
use, the bearings have become worn, it also allows the placing of steel 
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washers RD he- 

iweeii tlie kiiiiclhk's, to 
take lip the worn por- 
t:ons- 

Wronght - steel bntts 
eaii be had in plain ma- 
tiaial and fair workman- 
ship^ 4 by 4 inchesas 
low as 81.30 a dozen 
pairSj ■with screws; and 
from that up to 87.00 
a d o z e n fitted wiih 
ball be airings and 
bronze-plated. The best 
grade of tvhat is com- 
nioniy knuw’ii as tlu^ 
i^fanley butt is a good 
example of this type. 
Butts are now often 



Fig\ 13. Oruainental Cast-Iron Bntt, Lioose-Pin Type. 


made with ball bearings (Fig. 16), w'hich greatly improve the 



Fig. 1L Common Fire-Knnckied Loose-Fin Bntt. 


wearing qualities. 

Wrought-iron butts arc also 
finished in various ways (es¬ 
pecially in Bower Barff, to 
which finish reference is made 
later), and in fact can be com¬ 
bined with almost any lino of 
hardware finish. They are to 
be recommended on account 
of their mechanical perfection. 

C’ast brass or bronze is used 
in expensive work, but to be 
efficient must be wry heavy. 
The material is softer than 
iron; and if the bearing parts 
are not protected, they wear 
rapidly; a drop of one thirty- 
second of an inch in the 
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door on account of such wear, will at once cause 
eiice. 


i aeon veili- 



Fig. 15. Steel Washer lor Butt. Fig. IG. Ball Bearings for Butt. 


The protection ugainst wearing of the knuckles may be by ball 
bearings, as above shown (Fig, 16), or, as in the more general prac¬ 
tice, by bushings consisting of thin 
steel plates (as shown by the stippled 
part in Fig. 17) set in each face of 
each knuckle so that they receive all 
the Avear and relieve the softer metal. 
In these plates are slight indentations 
(not stippled) whicli hold oil for aii 
indefinite period. This oil lubri¬ 
cates the b e a r i n g s . Often the 
knuckles arc bored out, and a steel 
cylinder inserted as a bushing. 

When it is adAusable to use real bronze for butts, c-xpense 
should not be spared 
to get the best from 
a mechanical standpoint. 

It is always a safe rule 
to get the cheaper ma¬ 
terial Avith perfect 
workmanship, rather 
than expensive material 
of indifferent workman¬ 
ship, 

Tliere are many 
^'ornamentaF^ brass and 
bronze butts made by 
casting designs on the Fig. IS.ShovA’-iu^^N'ecessxtvfor Prrjj'w'tionof nooi^Butt. 
surface and emphasizing the effect by polishing the raise<l parts. 





HARDWARE 


13 

This does not add to the distinctness of the desigii, and only 
leaves the impression of a ^‘'well-broken^^ surface. It will he noted 
that, in general, the plainer the buff, the higher the price, and the 
highest grades of huffs are rarely of the ornamenfal variety. 

There is little ornamental value in the knuckles of a butt. A 
butt should, therefore, be of such a size as to project as little as 
possible beyond the door or frame. The only point to be carefully 

seen to, is that it shall extend outward far enough to throw the 

door clear of the trim or woodwork at the side. Thus the pro¬ 
jection at a, Fig. IS, should be a trifle more than one-half the 
distance h, in order to carry the door, when opened back, clear of 
the side trim. 

After the decision relative to the style 
of hinges or butts to be used is made, the 
closest attention should be given to the 

inechanisin. A door in common use will 

wear its hinges with astonishing rapidity. 

Three hinges should always be used on a 
door. The third hinge, or the one at half 
the height, keeps the door from springing, 
and relieves the strain on the other two, so 
that the door is more easily operated; and 
it also gives 50 per cent additional wearing 
resistance. 

The same reason for using loose-pin Type of spring: 

butts as above given for doors, apply to 

the hanging of .all items swinging on upright bearings—such 
as cupboard doors, window-sash, etc.; and it is sometimc\s nec¬ 
essary to use much care in the selection, in order that the swinging 
parts may tinai clear of all obstructions or fold back on theinst‘lves, 
as with inside blinds. 

TMiere the swing is from horizontal bearings, the pins should 
always be fixed —that is, so made that they cannot be removed. In 
an upright position gravity holds them in place; but when put hori¬ 
zontally, the swinging of the sash works tlie pin loose, and in tinu^ 
it is apt to fall out and allow the sash to drop, this being the case par¬ 
ticularly in swinging transom sash. 

Besides the types of butts above referred to, there are many 
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appliances properly classed under this head designed for special 
service, such as spring butts and doiihle’-acting huffs. 

Spring Butts. Spring butts are those in which a spring is p!ac*eti 
so as to force the door closed when not held open by some other for(*e. 
These vary from the light type commonly used on wire-screen doors, 

costing from 10 to 15 cents a pair (Tig. 
19), to heavy bronze butts with a high- 
grade metal spring in the joint, costing 
$5.00 a pair (Fig. 20), which can be reg¬ 
ulated to give either a strong or a light 
reaction. 

The disadvantages of this type are 
that they rack the door by constant 
slamming; they are much more expensive 
than butts of the same material without 
die spring; and when once installed, it 
is practically impossible to throw the 
spring out of service. For the light and 
Pig. 20 . HeaTy^Bi-onze Spring cheaper woi’k, a siligic spiral spring (Fig. 

21), costing from 15 to 25 cents, can hv 
used independently of the butt; it is easily unhooked when not 
needed. 

For the better grades of work and heavier doors, a spring <*hcek 
should be used (such as is described under Miscellaneous flardwaru), 
which will close the door promptly and prevent slamming. 





Pig. 21 . Common Type of Spiral Si>ring for Doors. 


Double=Actiiig Butts. The function of the double-acting butt 
is to allow the door to swing to both sides of the jamb. It is neces¬ 
sarily of the spring-butt type, above mentioned, but is doubles and is so 
set as to leave the door shut when at rest. There are no cheap types 
of this butt on the market, and the work required makes the best 
mechanism necessary. There are no appliances which can be sub- 
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stitiited as in the case of simple 
single-spring hinges. In order to 
do the work satisfactorily, a very 
large hinge is required—too large 
to be ornamental—so that certain 
types are eml)edded in the floor, 
out of sight; these are peciili- 
axiy adapted to heavy doors when 
the floors are of Mosaic so that 
the hinge can be firmly bedded in 
concrete. 


In selecting double- 
acting butts, always get 
a large size capable of 
doing the woi'k easily, as 
the Jar on a light butt as 
the door passes the closed 
point will quickly rack 
a light appliance into a 
useless condition. In 
house building, the use 
of double-acting springs 
is usually confined to 
china-closet doors, and 
in public buildings to 
entrance doors. In a very 
large number of eases a little 
study will devise means of 
substituting s i m pier appli¬ 
ances. For a public build¬ 
ing, for example, two single- 
acting doors can be used— 
one for entering and the other 
for outgoing traffic. 

Blind Hinges. Outside 
hltfnd hinges are important 
items, especially in rural dis¬ 
tricts in the North and 



Fig. 34. Device to Hold 
Blind Open. 



jCj hardware 

throughout the South, where blimls are a neecssitv. The u.sual 
cast-iron graviiij blind hinge (Fig. 22) is a very cheap and un¬ 
satisfactory fixture. The smallest jar or blow will Jjreak liiiigcs of 

this type. A heavy 
winch catching the 
bliiul, f t c‘ II 

slum it with suffi¬ 
cient force to brc alv 
the window glass. 
It is much better 
to procure s o in c 
type of wroiight- 
Pig. 25. Blind Adjuster. hinge (Fig. 23), 

and a separate appliance to hold the blind open (Fig. 24). Ihis 
type of hinge is also rather ornamental, the part fastened to the 
face of the blind being in the true sense of the term a hinge-plate. 

A blind adjuster 
is indicated in Fig, 

25. There are sev¬ 
eral appliances on 
the market which 
accomplish the 
same result — that 
is, holding the 
blinds secure at 
any angle up to 
about 60° from the 
sash plane. It is 
very desirable to 
install these fixtures 
—which are strong, 
and which hold the 
blind firmly—where 
blinds with fixed 

, ,, ,, sa Awuni^^ Bi iid H1 h£ 4L‘ ill IJRC- 

sl a t s rather than 

rolling slats are used. If a substantial blind is <lesired, tin* fixed 
slats should always be used; the light passing blinds opeiicHl only two 
or three inches is very agreeable. 
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There is also on tlie market an awning blind hinge. This per¬ 
mits the blinds to swing in the usual way, a]id, in addition^ to be 
clamped together; and with the tops against the house, the bottom 
can be set out from one to two feet like an awning (Fig. 26), giving 
a delightful soft light inside. But to accomplish all that is desired, 
it appears to be necessary to make these hinges delicate and light; 
and a little hard usage or a heavy wiml Avill l:)reak them, so that the 
greatest care must always 1)e exercised when operating these blinds, 
to leave them secure; and generally it may be said that such fixtures 
are unsuitable for wide or heavy blinds. 

LOCKS 

As has been stated, the hinge is the most important item of 
hardware from the standpoint of necessity or convenience; but it is 
apparently the general semtiment of both sellers and buyers, that the 
lock is the central figure. Tlie manufacturer puts more thought on 
it than on any other appliance; and in selecting hardware, the customer 
generally devotes most of his attention to it. Perhaps the reason for 
this discrimination is that the lock symbolizes protection and defense; 
the term symbolize is here used because, on an analysis, the lock is 
rather a symbol than a pliysical protection. 

With the atlvancement In the ai‘t of lock-making, the knowledge 
of methods of nullifying the safeguard affonled by locks has also 
advanced, so that there are no locks to-day whicb cannot witli more or 
less ease be operated by unauthorized persons. Wlien elaborate and 
intricate locks are used, it is often ridiculous to see on what flimsy 
doors they are ])laeed, and also what delicate and flimsy locks are 
placed on ponderous doors. 

A brief study of tlie conditions usually surrounding the placing 
of locks will show the absurdity of exjH^nding large sums of money 
and of buying intricate locks with an id(»a of obtaining protection 
thereby. Under ordinary conditions, llu^ moral ('fiVil of the lock is 
enough lt» aftortl protc'ction; but when the experienced cracksman or 
determined burglar seeks to obtain entrance, neither moral effects 
nor mechanical appliances are a bar. 

The object of the foregoing is to set forth the province which 
a lock sliould be considere<l as filling—or rather to show the province 
it does not fill—so that in buying this most expensive of hardware. 
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funds needed elsewhere mar not be expended in intricate mechanism 
of doubtful protective value. 

Locks are either of the rijyi type or of the mortise type. The 
rim lock is fastened on the face of the door (Fig. 27). It should 
be used only when protection is desired from the outside, as, for 
instance, on store or office entrance doors, and possibly outside 
house-doors. Locks of this type are usually operated by means of a 
key from the outside and a thumb-piece from the inside; If of a t^ pe 
requiring a key for both sides, they are no protection on the side on 
which they are visible, as the removal of one screw will usuallj allow 
of sufficient change of position of the lock to release the bolt Rim 

locks are not ornamen¬ 
tal, are generally made 
of ordinary east-iron, 
and their use should be 
avoided in the better 
grades of work. 

The mortise lock is set 
into the face of the door, 
.so that only the face¬ 
plate, with bolt and 
latch, shows on the edge 
when open (Fig. 2S). 
Inasmuch as it is neces¬ 
sary to cut out the woodwork of the door to place a lock of this 
type, the first consideration in its selection should be one of size. 
The smallest and thinnest lock which will serve the purpose .should 
be chosen. 

As all the parts except the face-plate are hidden in the mortise, 
there is no use in ornamental work. The exposed face is usually 
plain brass or bronze; the ease is generally cast ir<ui or pressed steel, 
which should be heavy enough to hold its shape firmly, without 
springing or cracking if for any reason the mortise foi’ which it i.s 
intended is not of the proper shape or size, which it rarely is. 

After the question as to the use of a rim or a mortise lock is 
settled, another, covering just what is wanteil of eueli lock, should 
be carefully considered, so that appliances will not ht* installed which 
are never to be used. Pi’aotically all locks contain a latch —that is. 
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the part which is operated by the knobs and which holds the door 
closed under ordinary conditions. As the latch is the part subject 
to most frequent use, it is very desirable that its mechanism be as 
simple as possible and that all moving parts be of brass or bronz;e. 
The use of iron, except in the casing, should be aA'oided. 

It is often observed, 
in finished work, that the 
latch is not easily pushed 
back when the door is 
shut, making it necessary 
to turn the knob or to 
give more than an ordi¬ 
nary slam to latch tlie 
door. This is caused by 
badly fitting parts, poor 
springs, and the shape 
of the latch-face. If the 
latter is a simple line as 
illustrated in Fig. 29, it 
will probably cause con¬ 
stant annoyance. I f, 
howeveiy the latch-face is 
carefully shaped after the 
manner shown in Fig. 30, thei'e will be less, if any, trouble. 

The latch should be heavy. It receives hard usage, and the 
heavier it is, the more evenly it 
responds to pressure. There are 
vari ous anti-frictiori d evices 
on the market, but they are 
rarely any improvement over 
the well-designed and well- 
manufactured 1 a t c h - f a c e . 

Should the selection, however, 

. be unfortunate, and the opera- 

Flg. 29. Unsatisfjietory , V t 

OxxtUne for I.;u C-Ii tioil of the latcll unsatisfac- Fig. IJO. Better GulUue 
Face. * , for .Latclx, Face. ■ 

tory^ conditions can be reme¬ 
died to a certain extent by occasionally oiling the face of the strike 
with a heavy oil which will not readily disappear. 
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In a largo majority of cases, this latch (Fig. 2S) will perform 
all the necessary functions of the lock and latch for onisitle doors 
if It is arranged with .siopu'ork on the face. By pushing in one button, 
it can be operated from the outside only by means of a key; b;v rtn cas¬ 
ing the button, it becomes a latch operated by knolxs from both 
sides. Under the former condition it is as secure a loc-k as is the 

dead holt operated by a key indc- 
" pendent of the latch a device' 

\ which, while often eonsidere<l a 
(^^1 necessity for.outside doors, is 

\, Inside doors rarel}’ recpxire a 

nig. 31 . natch.K.yorniat-KeyType. and where they aiv not 

really needed, it is not wise to 

arrange for a possi])le future need, since in most cases, if such need 
arises, the keys will either have heeji lost ur become hopelessly 

mixed. 

In selecting door locks, the first and most iiiiporhuit considera¬ 
tion should be given to the latch lock. A type with the lu^n.vithst 
mechanism and best materials in the smallest case, should he .selc*cied ; 
and that type, in one of its various forms, should be used throughout 
to the exclusion of all other forms, unless unusual conditions re(}uire 
other appliances—as, for example, where doors are to be locked 
from both sides, in which case the dead bolt is nec(\ssary, whir‘h caii 
be operated only by key from either side. Aitli this, as witli all 
hardware, the 

simplest form is ^ \ 

the best. Locks — V a 1 

which have pe- .- - ..... -r j 

culiar combina- L n 

tioilS, such as 1 ^ 114 . ;n. <kuiiinDji ''I'yix* uf IJil Ktyr. 

turning the key 

in a certain Avay to operate one bolt, and furtluu" in lh(' same way 
or in an opposite direction to operate the second bolt, an^ to lx* 
avoided. They afford no additional protection, and are ofUui (confus¬ 
ing in the extreme to the owmer. The distancA^ between tlu^ center 
of the laiob and the face of the lock should mwer be less tluin 21 
inches, and it is better to be 3 inches. If less, the lingm*s of 


(kuiiinDji n'yiH* uf lilt, K(yr. 
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the operator will be [>bicheJ betweeu the knob and the door¬ 
frame. 

The key is an iiiipt)rtunt itcnii, and seleetioii of the style of key 
should always be with strict reference to the use of the lock. The 
Jaich-l'cy will be in daily use and carried by several persons^ and 
should be of the smallest type (Eig. dl), with a distinctively 

shaped hand end so that it can readily be distinguished at all times 
from desk or drawer keys on the same ring. 

If a dead l)olt is used, its key should be of the larger type of 
bit key (Fig. 32), d'his is mconveuieiit to carry away, is not easily 
lost, and can generally be found at the rare intervals when it is needed. 

All keys should ]k‘ strong, whether flat or bit. Delicate keys are 
often twisted oh* when the lock ‘‘sticks” a trifle, or—which happens 
mr)re frequently—when lliey are not insertcnl r(nite far enough before 
an impatient wrench is given them. Once bent, tliey are useless. 
They should be well finishe<l and nickel-]dated. Otherwise they 
will rapidly wear tlie po(‘kct, and l)ecf)me rusted; and a rusty key will 
rarely work satisfactorily. 

It is often dc'sired that locks be master-keyed—that is, so con¬ 
structed that e*ach lock will be operatetl l)y a key differing from any 
other, but also so made that one masicr key can open all, as in the 
ease of office buildings, for janitors’ use, and hi hotels to accommodate 
the service. Tliis rc‘(jnirement is always unfortunate, as it permits 
the passage of lock in the serii\s by one key. This is like very 

securely guanliiig sev<‘ral entrances to an enclosure an<l leaving one 
gate with but little jirotection; and it is much Ix'tter to cause the 
janitor a additional (rouble by requiring him to carry a separate 
key for each lock. If tin* iiiasttn* key is lost, the only remedy is to 
change the entin^ line' of locks. 

Ther(‘ should be no identifying marks on keys or rings indicating 
the location of the locks lln^y will ujieratc', for, in case of loss, the 
finder would thus be enabled to use them. 

In selecting locks for any particular building, a careful diagram 
or floor-plan should he prepared, on wliich the swing of all doors is 
indicated and each <loor numbered (see I'ig. 33). A righUhand 
(11. II.) door is one which when opened away from a person has its 
butts on the right-hand jamb; and a left-hand (Jj. H.) door has its 
butts on the left-hand jamb. All latches are either R. H. or L, H., 
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while many types are made so that by reversing some of the mechanism 
they can be changed from R. H. to L. H. It is better to get an un¬ 
changeable latch, which is less complicated in its mechanism and will 
work easier and last longer than one with interchangeable parts. 

The doors on which it is intended to place locks with pass keys 
(Fig. 34)—such as front and back outside doors—^should be indicated; 
as should also those doors it is desired to lock on the inside by key 
(as pantry or closet doors. Fig. 35), those it is desired to bolt (as 
bedroom doors, Fig. 36), those requiring simple latches without 



lock or bolt (as doors from hall to dining room. Fig. 37), and sliding 
doors, which require an entirely different type of lock (Fig. 3Sj. A 
bill can be made somewhat on this line: 


2 

1 

1 

2 

1 

1 

3 

1 


Right-liaiid locks witli pass keys, marked R. H.-P Nos. 1-2, 


Left 

Right latch 

Left latches 

Sliding-door latch 

Right hand '' with thumb-bolt, 

Left “ ** 


L. H.-P 0, 

R. ir.-L 

L. II.-L 10 

S 

R. H.-B No. r>’ 

R. H.-C “ 7,11,8, 
L.H.-C 0, 


12 Total locks and latches. 
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Fig. $ 6 . luateli witH Tiiuinb-Bolt. 


Fig. 37. Simple Latca. 
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Upon receiving the locks and latches, there should be attached 
to each a tag bearing the number of the door for which it is intended. 
If the fixtures are not numbered and it is left for the fitter to sort 
them out as he proceeds,, there will be confusion befoie half the items 
are in place- 

Aside from the door locks above referred to, there are almost 
numberless uses to which locks are placed in minor situations; but it 
is safe to say that not over 10 per cent of locks in such minor situations 

are ever used—as, for ex¬ 
ample, on the cupboard 
door, bureau drawers, 
etc., which, though al¬ 
ways having locks, are 
rarely locked. It is al¬ 
ways better to omit a lock 
wdiere there is no actual 
necessity therefor, and 
vlien the necessity oc¬ 
curs, to get a lock of the 
best type. A lock oper¬ 
ated by a flat key is usu¬ 
ally safe for such places; 
those with the old bit 
key are ra rely of any pro¬ 
tective value. 

KNOBS AND ESCUTCHEONS 

These are parts in which the vanity of the owner can be—and 
often is—displayed. The escutcheon is the plate throiigii whicli tlie 
key-hole is cut. It is usually combined with that on which tlie knob 
is placed, and is the lineal descendant of the escutcheon of eliiralry 
borne by loiights and persons of distinction. Careful study of 
escutcheons on the doors o£ houses, will show that mueli of the char¬ 
acter of the owner is still indicated thereby. 

With this fact in mind in the selection of hardwiirc?, sfKicial 
attention should be given this feature. A plain brass or l>roii7.e plate 
and knob is usually a safe selection; but even then such items as its 
thickness or the way the edge is finished tell of eonclilions governing 
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its selection. the ilesign calls foi‘ something more elaborate, 

it is a mistake to be confined to simple, plain work; but under no cir¬ 
cumstances should a knob and escutcheon of elaborate or ornamental 
character be selected simply on account of such character when the 
surroundings do not call for display. 

The escutcheon, at the point where it receives the shank of the 
knob, should always, even in cheap work, be so enlarged that it Avill 
project over the shank of the knob at least a cpiarter of an inch and 
fit closely; this stays the knob and gives it a firmness when gripped 
not otherwise' obtained. The escutcheon plate should also be long 
enough to extend both above and below the lock; if it does not do so, 
the screws that fasten it in place can rarely be long enough to hold 
it firmly, as the side of the lock is usually within j; or inch from the 
surface of the door. The screws securing an escutcheon should 
always extend one inch into the wood. 

A great variety of materials are use<l for both knobs and escutch¬ 
eons—^wood, glass, iron, brass, bronze, and metal plated witli .silver 
or e.ven gold—and designers have produced many very artistic as 
well as many very much over-elaborated forms, which are easily cast 
in metal—^sometimes with unfortunate ease, as it permits the repro- 
<luction of designs cheaply and has therefore encouraged their use in 
many cases where it vrouki have been better to omit a large part of the 
ornamentation. This cast ornament is an x\merican feature of hard¬ 
ware, that produced in Germany, France, or England being more 
generally of the wrought tyjre, artissins in those eomrtries being skilled 
beyond the American in foi-gcfl woi*k. 

The knobs, and the spindle that connects them—which together 
operate the latch —nrc primarily mechanical contrivances, and should 
be considered as such. The old scheme of making a solid spindle 
which was secured to both knobs by screws through the shank of the 
knob running into tht' nearest hole in the spindle, the play being taken 
up with thin w'ashcrs, was always bad, inasmuch as, when enough 
washers were put in to make the knob feel solid and to prevent its 
Kittling, it was usually so tight as to bind. The screw always works 
loose, and lieing small is lost as soon as it drops out. Before a new 
screw is found, some of the washers very likely disappear; and if new 
ones are not obtained, the knob remains permanently loose. 

Many devices have been provided to do away with these defects 
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in mechanism. In one of these devices, the spindle end is in three 
pieces, the middle one wedge-shaped. A screw through the shank 
bears on this wedge-shaped piece, thus expanding the two others 



Fig. 3&. End of Expanding 
Spindle. 


against the sides of the slot in the 
shank (see Fig. 39). In practice 
it is found that this screw when 
set hard against the wedge does 
not work loose; before it is set, 
the knob can be most delicately 



Fig. 40. Knob-Holding Device, Adjusted 
by a Thread. 


adjusted without washers; and if the screw should work loose, notice 


would at once be given by the slipping of the knob before the screw 


was lost. 



Fig. 41. Knob-Holding Device tvitlioiit Spindle. 


Another but somewhat more expensive devic“e is that illustrated 
in Fig. 40, in which the knob can be delicately adjusted by a thread 
so that an exact fit can be obtained. 
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There are other devices in which the spindle is entirely dis¬ 
pensed with, and the knobs are slipped into the lock-case independently 
of each othei*, us in Fig. 41. 

\\dicre locks with pass keys are used so that stopAvork changes 
the latch into a lock, it is desirable that one side only should be 
affected. The spindles of such locks are, therefore, jointed in the 
lock Avith a sAAnA^el-coiinection which alloAA^s at all times a free move¬ 
ment of the inside knob or key (see Fig, 42), 

. 

Q Q Q Q 

Fig\ ‘12. Si">mdle witli Swivel-Oonuectcd Ends. 

Door knobs should be from 6 a- to 7 inches in circumference, 
whether round or oval, to be gripped with ease; if larger, they should 
accompany locks which allow them to stand far enough out from the 
finish to prevent the hand from being pinched or bruised in turning 
the knob or opening the door. This distance, for ordinary knobs, is 
given under Locks as 24 to 3 inches, which distance should be increased 
if a larger knob than ordinary is used. A perfectly plain knob is 
rarely out of place, while any attempt at ornament is more than likely 
to appear so. For ordinary work, 

&?• ass knobs wrought from thin 
sheet metal (Fig. 43) are very serv¬ 
iceable, and have the appearance 
of the genuine cast metal. With 
the plated bulls, they make a good 
combination (though they will not 
stand blows without indentation), 
and for mo.st purposes are as serv¬ 
iceable as the cast metal. In better work, however, the cast brass 
or bron^ie should preferably be used, in which the metal is cast 
from I' to inch thick; these are the strongest type used. 

For the last few years there has been a tendency to adopt the 
types of Colonial days, and nowhere is this tendency seen more than 
in hardware. And with these designs liave come some of the olden 
appliances, the most prominent of which are latches and knockers. 
The former are most useful, and, when applied in proper locations. 
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have a charm which knobs do not possess; but in the case of mortised 
fixtures of the tj'pe usually operated by knobs, they arc fretpiently ■ 
in fact, generally—out of place. 

Knockers as now used are only for ornament, being rarely used 
by callers for summoning the inmates of the house. 

SASH HARDWARE 

In all the range of house hardware, there is none so unsatisfactory 
as that used in connection with window-sashes. Tliis is not alto¬ 
gether the fault of the hardware, as the customs regulating the manu¬ 
facture of the sashes themselves make them the most flimsy part of 
house construction. The glass is wide, and the meeting rails narrow. 
Sooner or later someone tries to force up the lower sash when “stuck,” 
by pushing violently on its top rail, or tries to pull dowm the top sash 
by pulling on- its bottom rail; these operations pull the rails away 
from the glass, and if, when “fitted,” thei-e was not considerable i>lay, 
the sashes never come together again. Any sash-lock uda]>te<I to 
such a position must necessarily be far from t'xact in its working. .Mi 
work perfectly in the model; few work at all on the real sasli. 'riicrr- 
fore, in selecting this fixture, it is Avise to pick out the strongest which 
will allow for variation in the rails, and, before purchasing, to visit 
some house in AA’hich tliey have them installed, in order to se(’ how they 
work. The material of which sash-locks are made makes little difier- 
ence, as they are generally out of sight. Little attention need be paid 
to representations that certain kinds can be opened by nat'ans of a 
thin blade inserted between the sashes from the ou.yliiIc; for, aftcT 
one has seen the difficulty of working them fujin the inside by tin- usual 
means, he will never be troubled by the thought of anyone wterking 
them from the outside with a putty-knife. 

There ax’e certain kinds which thraw up the unn against the glass 
of tlie upper sash when unlocked. This kind .should not Ik- u.se«I, a.s 
they at once giA^e notice to anyone outside, if the win<h>w has iieen 
left imlocked. 

Window fulls or handles on the lower sash arc alAA-ays vciy 
difficult things to get a “purchase” on Avith the ends of one’s fingers 
when the sash “sticks;” and while the socket in the top sash with a 
pole and hook to move it, is a trifle the most exa.sperating of any part 
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of AvindoY7 liardwa^re^ nianiifacturers liave as yet failed to remedy the 
trouble. 

There are on the market quite a large number of complicated 
devices for operating sashes, either swinging them into the room or 
sliding them up and down; but in practice the old trouble of flimsy 
sash construction makes such devices of no more value than those of 
the old form. It is doubtful whether any remedy will be found until 
custom requires the use of smaller glass» of sash bars to stiffen the 
sash, and of better carpentry work in fitting, and requires owners to 
keep all parts of sashes and frames thoroughly oiled to prevent the 
constant absorption of dampness, thus preventing swelling and shrink¬ 
ing with their concomitant effects of sticking and rattling. 

When sashes are hung at the side—as is frequently the case— 
they should swing outward; if they swing inward it is difficult to keep 
out storm water. For holding them at any required angle, bars are 



made with clamp screws (Fig. 44). These work very satisfactorily; 
but, unless great care is exercised to leave the sash always firmly 
clamped, sudden wind may wreck the sash and glass, leaving no pro¬ 
tection from the storm. As a genei'al thing, accordingly, it is better 
to retain the old sliding type of window, especially since, with swing¬ 
ing windows, the use of outside blinds is impossible. 

The sash-pulley (Fig. 45) is out of sight, and often almost any¬ 
thing in the way of material and make is considered good enough. 
This particular piece of hardware, however, receives so much wear, 
and is capal>le of wearing out so much good window-cord, that, if the 
future is to be reckoned with, care should be taken in its selection. 
First of all, the wheel should be as large as possible, as the constant 
crimping of the sash-cord over a wheel of short radius rapidly destroys 
the fibre, so that after giving great annoyance for a time by becoming 
caught in the wheel, the cord finally breaks and lets the weight drop 
to the bottom of the pocket- 
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For plate-glass windows or wide, heavy sash, chains are gen¬ 
erally employed. They are composed of links which follow the curve 
of the wheel (Fig. 46), and are not easily worn out. The groove in 



ANTI-FRICTION 



P1N5 


FiL>'. 4.6. Siisli CVialiis. 


Pig. 45. Sasti PtlUe 3 ^ 

the wheel should be square to conform to 
the lines of the chain, and not as for cord 
(see Fig. 47). 

The pocket in which the window weight runs, should never be 
less than two inches in depth (crosswise), nor the pulley-style less than 
I of an inch thick. Thus it will be evident that to allow the weight 
to hang in the middle of the box, the wheel of the pulley must be not 

less than two inches in diameter 
on its running face; that is, the 
diameter of the wheel should al¬ 
ways be equal to the thickness of 
the pulley-style 'plus one-half the 
depth of the box (see Fig. 4S). 
The diameter here indicated 5.s 
considerably larger than that of tlu* 
pulley wheel used in common practice. If, however, a smaller wheel 
is used, not only is the cord rapidly destroyed by the constant crimp¬ 
ing, but the weight “drags” on the back of the pulley-style, making 
the operation of the sash difficult and noisy. 

Pulley wheels are generally measured by manufacturers and 
dealers, to the outside of the flanges, so that a wheel two inclies on 


n__ri 


V/ 

A 


s 
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Pig. 47. Sections of Sash Pulley Rims- 
A, for Ctiain; B., for Cord. 
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the running face is often vStyled a wheel. The money invested 

in such a wheel is gained many times over in saving the annoyance 
and expense of broken sasli-cord. 

If the pulley is steel4)ushed and has roller bearings, it will be 
better in the long run, and these items add little to the expense. The 
running face of tlie wheel should be smooth; and all parts may be 
of iron, without detriment to the appearance or the usefulness of the 


fixture. A plain brass or 
bronze face and wheel are 
to be preferred, however, if 
the small additional expense 
is not a bar. 

The pulleys usually put 
in stock frames are li-inch 
iron pulleys costing about 
50 cents a dozen; and 10 
cents a dozen is usually ad¬ 
ded for each additional 
quarter-inch in the diameter 
of the wheel, though the 
mill man will often want 
a little extra for making 
the frame ^^speciaF’ in case 
the larger v/heel is used. 
The brass wheel witli roller 
bearings and brass face will 
cost about threi^ times thci 
above price—or, possil>ly, 
50 cents extra for each 
window. 



4H. Seetion ol! Pulley and Pulley-Style; Sbow- 
ing also Sash and Weight. 


There are on the market very useful pulleys over which the 
sash-cord can be carried to boxers several feet away (Fig. 49). Pulleys 
of this type can he usetl where the mullions between windows are too 
small to carry the weights. Th(\se pulkys dispens(^ with the neces¬ 
sity for lead weights, which are expensive and are usually crowded 
into boxes so small tluit they work unsatisfactorily. By the use of 
combinations of these pulleys, the cord can be carried an indefinite 
distance^ to a box capable of receiving a large iron weight, and 
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the width of the mullion can be reduced to the minimum thick¬ 
ness. 

Sash-cord is a very important item, and braided cotton cord is 
probably the cheapest in the long run. It is better to get a sniaU 
rather than a large size. The wearing of the cord is duo to the fact 
that in passing over the pulley the inside or the part against the wheel 
is compressed or crimped, while the opposite side is stretched, thus 
producing a constant wear and strain of the fibre of the cord, which 
finally breaks it down. It will be evident that this disintegrating 
action will increase with the larger diameter of the cord. A cord 
just large enough to hold the weight safely, is the best. A simpler 
test is to suspend four of the heaviest weights to be used, by one cord; 
if it will hold them, it is sufficient size to carry the one weight. 



Fig. 49. Pulley Arrangement for Carryiiig Saslx Corel to Distant 

Taken as a whole, the window—with its lock which rarely works, 
its exasperating pulls, and its sash-coivl broken when must needed — 
is one of the oldest, and still one of the greate.st, of mutlern incon¬ 
veniences. Undoubtedly the first step necessary to make, tlu* wimlow 
more satisfactory, it to make the sash narrower u»d- cut the glus.s 
smaller, with substantial muntins, so that the sash will be firm. This, 
with a little better workmanship on the frames, will, with present 
appliances, make a very satisfactory window. 

MISCELLANEOUS HARDWARE 

Bolts. The bolt is one of the oldest and simpit'st contrivances 
for securing different parts in a desired position, ami is still a mu.st 
necessary item of hardware. Here, weight of metal counts for as 
much as, if not for more than, in most other items of haniwure. 
This weight should be balanced in the different parts to insurt^ .stnsigtli 
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of the Aviiole. A heavy moving roti, for example, in some bolts, is 
macle to engage with a thin keeper-strap attached to the base by very 
slight tenons headed over, so that, while it is probable that it would 
take 2,000 pounds pressure to break the rod, a pressure of 100 pounds 
might be suffieient to force the keeper-strap from its base (see Fig. 
50). Inasmuch as a bolt cannot be picked like a lock, its value lies in 
its strength to resist force, and this should always be remembered in 
its selection. 

As a general rule, all bolts operated by a sunken thumb-piece 
(Fig. 51) should be avoided, for, if they ‘"stick”—and they generally 
do—very little power can be exerted by the end of a thuml). There 
are many lever and knob devices which permit the direct application 
of a considerable power. Two forms of these devices are shown in 
Figs. 52 and 53. This point should receive attention in selecting 
bolts for the standing leaf of a double door, or for cupboard doors. 




Pig. 50. 


Common O'yp® of Bolt with Ket*per-Slra]>. 


The rod on a bolt should be tapered at the end, as the two parts rarely 
com(> exactly together so as to permit the rod to enter the keepers; 
if it tapers, it will, as it enters, draw the door to its proper position. 

For drop-front draireri>‘ in linen closets, it is necessary, in order to 
save space, to use fliifih hardirare —that is, hardware which does not 
project beyoml the drawer front, which should be just inside the 
closet door. Fig. 54 illustrates a flush-ring cupboard catch, which 
will serve the purpose; it is of the type usually seen on store show¬ 
case doors; in fact, such doors throtighout are goo<l examples (>f the 
arrangement of drop-front drawers. A large sixe of fixture should 
always be chosen. Stay-chains should be put on each end of these 
fronts, to prevent them dropping below a horizontal position, in order 
both to prevent straining the hinge and to provide a strong extension 
to the drawer when open, whereon to lay linen. 
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In place pf a bolt, to secure the standing leaf of a cupboard door, 
a knee-catch (or elbow) is often used (Fig. 55). This is more con¬ 
veniently operated than a bolt, requiring no action other than shutting 
the door to catch, and a simple motion to open. The largest size of 
this fixture should always be used. 

Chain bolts (Fig. 56), are most useful in allowing the door to be 
opened a few inches, and yet locking it with a partial security. They 



are often used to permit ventilation, or to allow the inmate to learn 
the character of a caller before fully opening the door. 

The ice-box door of the north piazza (see Fig. 09) needs sj>ecial 
attention, as a slight crack will allow the warm air to reach and metd 
the ice. A clamp which will force the door into its frame, must be 
used. Fig. 57 shows a good, strong form of such a clamp; ordinary 
strong hinges are suitable for the door. 





Door Checks and Springs. These items are referred to under 
the headini>' A door check and spring cojLsists of a very strong 

spring applie<l to close the door suddenly, and, in connection with it. 


Fig. 5i. Flush-Ring Chipboard Catch. 

a cylinder in which a })istoii runs freely until the 
door is nearly closed, when either the iiir or 
some oil or other licjuid which cannot be frozen 
in the cylinder checks the rapid piston action, j.- Catch 

so that the door is closed easily ard without 

a slam (see Kg. 5cS). These checks cost in place fi*om $4.00 for 
light doors, to $7.00 for tho^e of heavy type. Tliey are fastened 
on the top of the door, and are no disfigurement. 



Fig. 56. Ohaiii Bolt, Allowing Door to be i»artially Opened 


These springs are always in action, so that, if it is ever desired 
to leave the door open^ some appliance must be used to accomplish 
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this purpose. As they do not generally permit tlie doors to swing 
l)aek against the wall whei*e 1 looks eovdd be used, foof-holis ai'<" placed 
on the bottom rail; tliese liave a Mat top wliieh enu l>e pressed by tlie 
foot into a slot in tlie floor. 



Fig. 57. Refrigerator Clamp. 


There are also on the market types of patenteii bolts, one of 
which, when pushed by the foot, is forced by a strong spring against the 
floor: the end of the rod is protected by a heavy rulilier buffer, the 



Fig. 5S. Door Cheek and Si>ring. 


friction of which on the floor is sufficient to hold the door in any 
position (Fig. 59). Fig. 60 is another convenient type of door-holdt-r, 
its method of operation being self-evident. 
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Kirk plates and push plates, while not often needed in liouse 
hardware—except, possibly, h>r double-acting doors—are plates of 
metal not less than inch thick screwe<l onto the face of the door to 
protect it from wear. The kick plate, a.s its name implies, is the plate 
put on the bottom rail where persons are likely to apply the foot in 
kicking the door open. In public liuilding's, such plates are often put 
on for ornament; and also, where the .surrounding fini.sh is of marble, 




thc.se plate.s protc<'t the fini.sh of the tloons from the .soap and ofte'n 
acid, u.setl in chaining the floor an<l ba.se marble. It i.s iieedles.s to 
s:iy that for .such u.sc.s, the perfcictly plain plate is alone appropriate. 

Push plates are u.sed to protect the finish of doors where persons 
pu.sh them open with the haml. If they are not u.sed, the finish on 
the doors soon shows where the pressure is applied, and later it will 
be completely worn off. 
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Neither kick plates nor push plates should be used except where 
there is a necessity therefor; they are not properly subjects for orna¬ 
mental treatment; and they add materially to the weight of the door, 
which in its lightest form is a severe strain on the butts. The plain 
face of the metal shows any indentations, and it is difficult to keep 
bright. Careless cleaners^ moreover, are apt to rub off the finish of 

the wood, so that the plates 
become surrounded by an 
unsightly fringe of unfin¬ 
ished wood. 

Sliding=Door Sheaves. 
In many places it is desir¬ 
able to have the door slide 
back into pockets in the partitions. There are on the market 
many devices for trucks, generally good and inexpensive; but their 
installation and the framing incident thereto are matters of 
delicate worlonanship, and if future trouble is to be avoided, it is 
well to see that appliances of this character are put in only by mechames 
of known skill. After the dooi’s are in and the partitions plastered, 
is a bad time to do the work over. 




Fig. 63. Transom Fixtures for Horizontal Pivoting. 


Transom Hardware. Transoms are generally hung fi-om the 
top or bottom with fast-pin butts; or with pivots in the center tin* 
top and bottom rail allowing them to swing at right angles with the 
transom bar, which is called pivoting vcrticallg (Fig. (>]), or with 
pivots in the center of each side to allow the sash to swing to a hori¬ 
zontal position, which is called pivoting horizontallg ( Fig. (i2j. 

It is not necessary to refer to the butts here, c.Kccpt to say that 
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it will generally be more satisfactory to pivot the transoms than to 
hinge tliem^ for^ when hinged, it is necessary for the transom lifter 
to carry the full weight of tlie sash, which it very often fails to do 
satisfactorily; whereas, when pivoted, one side balances the other 
so that the lifter has nothing to do but over- 
come the friction of movement. These 
pivots are simple and easily applied. 

There are on the market patented " 

fr lei ion joivots of various types, which, I' ^ 

while allowing the ordinary pivot action, l 

hold the sash in any required position, thus ^ \ * n' | 

doing away with the lifter. The transom, 1 

either pushed or pulled by an ordinary win- ^ ^ 

dow pole-hook to the position desired, re- 
mains as left. To lock it in place, a large- 

size, heavy spring-ring catch is put in the ' ! 

top rail, which can be opened with the hook j ^ f) i 

on the pole. ^ \ / ' \\ uf I 

The transom lifter (Fig. 63) is an item ' i i 

in which little improvement has been made j i j i 

in the last generation. Its operation is gen- ^ 1 ( ^ 

erally unsatisfactory, and its use should be / (If 

avoided if possible; but when it is necessary i 1 , I 

to use a lifter, it is advisable to get the / I 

heaviest rods, to prevent the unavoidable n / 1 1 

spring. I / 1 ! 

CelIar=Window Hardware. Intliiscon- ij |i'| | | , 

nection the hinging and locking of small /j y Hfi i j|[ 1 
cellar windows, above grade, may be con- | ■ M i 

sidered. The sash are usually light; and j ! j ilj 1 

it is not best to swing any portion out, as n ^ J P 

they are so near the ground that the portion I ' ’ 'T 

turned out would be liable to damage. Also, ^ 

it is often necessary to pass things through 

the window into the cellar, and this reejuires the full opening. The 
sash are particularly liable to shrinkage and swelling—more often 
the latter—which cause them to stick in the frame. Moreover, the 
cellar window is a favorite point for the burglar’s entrance. It is 
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Pig. 64. Collar-Window Fa.-?teiiei'. 


therefore usually necessary to hinge cellar windows with fast-piii 
butts at the top, to swing inward and up against the joists, and to 
have a strong handle for pulling them out of the frame when they 
stick, and a simple lock. Fig. 64 shows a simple but efficient device 
for fastening a cellar window. The screws in the part on the frame 

should be the longest obtain¬ 
able; and the rivet or bolt 
holding the swinging part to 
the plate should be strongly 
secured, so that both points 
will resist any ordinary pres¬ 
sure from the outside. If a 
burglar brings his ‘'jimmy/’it 
is not likely that any appliance 
that can be used on the inside 
will resist its pry. For holding the window open, a strong wire 
hook and eye will be sufficient. 

Wardrobe Hooks. In the selection and arrangement of ward¬ 
robe hooks, careful study will greatly increase the capacity of the usual 
hanging space. It is a mistake to select one type of hooks, and use 
that throughout; and also 
to consider that hanging 
space is confined, to the 
walls. For ordinary items, 
common stmng wire hooks 
(Fig. 65) can be used, set 
closely together; an<l if there 
is depth to the closet flies 
can be hinged so as almost 
to double the hanging 
capacity. In Fig. 6G, A A 
represent the flies hinged on the wall. Arrangt'UKaits of this kind, 
however, are not suitable for the hanging of garin(*nts are 

required to retain certain shapes. For these articles, long horizontal 
hooks or pins (Fig. 67) should be provided; on these, certain gar¬ 
ments can be hung close to the wall; w'hile such items as coats can be 
placed on two, one in each arm, so that they will retain their sha|)e 
and hang clear of the pieces against the walk 
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In the more expensive materials, many special types of hooks are 
made for special purposes. They generaliy have a lower, minor hook, 
while tli<' iip|>er arm (extends outward and upward for hanging hats; 
in other (*ases tlie upper arm extends out nearly horizontally, and 

then dips to sup- 
]>ort a garment 
clear of that below. 
A very useful ar¬ 
ticle of furniture is 
a free or Hiandard 
(for use in bed- 

Pig. GO. Swinging Flit's Piling in Cl<»set tu JOcuiiouiizc r(30ms), tO whicll 
Hanging Space. ^ ^ 

are secured a large 

variety of hocks adapted to the various items of the wardrobe for 
daily use, 

FINISHES OF HARDWARE 



It is necessary that hardware should have some special finish; 
and, as in the case of wood or marble or any other fine material, the 
object of the better finishes is to bring out and intensify the qualities 


of the material it¬ 
self. Cheap hard¬ 
ware is generally 
japanned so as to 
present a smooth, 
shiny black surface; 
this is an excellent 
coat for wear and 
for protection 
against rust, and is 
not of objection- 
a b 1 e appearance. 
Wh ere ordinary 
uiifiinshed h arc! - 



Fig. f57. Long Wardrobt* Pius luad Hooks. 


ware is used, it should be painted, varnished, or oiled at the 
same time the \vood to which it is secured is finished. It is also 


well to paint the surface which presses against the wood; if this 
precaution is not taken, moisture may get behind, and resulting 
rust discolor the* wood below. 
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Wrought Finish. Wrought iron, forged, is not often used except 
for specially designed work. When it is used, it should be finished 
under the hammer; that is, all the marks of the blows should be left, 
and no attempt made to file or smooth up the parts. The surface 
can be coated'later with lacquer or some thin iron paint which will not 
obliterate the texture, in order to prevent i-ust; but under no circum¬ 
stances should a coating in tlie nature of heavy lead and oil paint be 
used. 

Cast Bronze and Cast Brass. These materials (the former being 
from 85 to 92 per cent copper, the balance tin and zinc; the latter 
from 60 to 70 per cent copper, the balance zinc and lead) arc the 
most common finishes used in good hardware. They are sold at 
comparatively low prices, the finish being generally in the polished 
natural color, protected by a colorle.ss lacquer. There are, however, 
many variations from this practice—such as strong greens—the 
results being produced by the action of chemicals artificially applied 
after all mechanical work is done. Some of these elfect.s ai’c very 
striking, but not suitable unless the surroundings are such as to call 
for such peculiar treatment- 

Bower^Barff Process. This is perhaps the most successful of 
iSnishes for interior haixiware. It is applied to either cast or wrought 
iron, and produces an intensely dense and deep black color free from 
gloss, over which no protective coating is needed. It, however, is 
expensive—equal in cost to solid cast bronze; and moreover, it is not 
so tough as brass or bronze, the process tending to make* the metal 
brittle. This finish is not suitable for outdoor work in damp climates, 
where rust is apt sooner or later to attack it in such a way as tofli.siuto- 
grate the surface. While constant protectitai \vith lacquers might 
prevent or check this action, it is better practic‘e, in extt*riop work, 
to use a finish adapted thereto. 

Plating. As previously stated, this form of finish is used exten¬ 
sively in connection with butts, to make them corni-spond wilh the 
genuine brass or bronze used in knobs, etc., where plating would .soon 
be worn off. For such purpose it is appropriate and (-nduring; but 
for exterior work, plating should not be used. Silvt^r and gol<I plating 
are employed to a limited extent, but on account of the expenso they 
are little used except in specially designed work. 
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SELECTINQ AND BUYING HARDWARE 

There is no pare of the process in which the necessity 

for absolute system is greater than in selecting and making out a bill 
of Hardware. To illustrate this point, let us take the example of the 
Colonial House of which detailed plans are given in the section on 
“Estimating” in Volume II. It is sui'piising to find that there are 
required approximately 50 types, exclusive of nails, screws, butts, 
etc.; and that there are 1,100 pieces of these various types required in 
this one building. Hardware is expensive to hiiy, and expensive 
to put on. If these eleven hundred pieces get mixed, a large amount 
of valuable time is consumed in getting them arranged; if too much 
is bought, the excess is a loss, as it is difficult to return bi’oken lots; 
if not enough is purchased, the loss of time in going over the work 
again and again to find what is missing, is expensive; and waiting to 
have delivered the last belated portions of material still lacking, is 
exasperating. 

Therefore the first thought should be to place the whole matter 
in such orderly shape that every point in connection with the selection, 
arrangement, and distribution is settled, and so clearly noted that 
future uncertainty relative to any point will be impossible. It is also 
necessary to determine the exact cost of the entire bill before deciding 
on any of the types; and only with a complete list is it possible to find 
just the relationship between the cheaper and better lines. 

For all these reasons, a most useful purpose will be served if we 
now proceed to set forth in detail, step by step, a scheme for preparing 
bills of hardware, so arranging the items that definite and intelligent 
decision can be made, and serving also as a guide to the expeditious 
and accurate arrangement and distribution of the materials to the 
proper points for installation. 

It is evident that the types at each point must be practically 
the same for all grades. Thus, for instance, a door requires butts 
(4x4 or 5x5 inches) irrespective of whether they are wrought-iron, 
japanned, bronze-plat(.*d, or solid cast bronze. '^Two knobs are 
required whether “Mineral” jet, wood, glass, or bronze is used. 
Therefore, in proceeding, the question of quality of material will 
generally be disregarded, except in cases such as knobs, where it is 
desira!)le to use a bettor material for the selcHJted type in the major 
rooms and a cheaper material in the minor. 
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After the list is completed, it can be made out in three forms— 
the first designating the cheapest line appropriate; the second desig¬ 
nating a line of inier;n?cliate gratic; the thiixl, the best grade which is 
suitable. 

In preparing these three lines, there are many appliances wliich 
will not be varied. 'In the case of locks, for example, a thoroughly 
good grade should be used in the cheap line; there is no advantage to 
be gained in selecting expensive locks of the more intricate mechanism 
and more elaborate design, even for the better-grade schemes. 

After these bills have been prepared, figures can be readily 
obtained on each, so that an intelligent decision based thereon can 
be made. 

Listing the Items. The first step is to lay out the floor-plans, 
showing every point at which hardware is required (Figs. 6S—71). 
Doors should be' indicated with their swing right-hand {R. II.) or 
left-ha 7 id (L. II.). In the case of windows, it can generally be 
taken for grantcfl that small cellar windows, unles.s otherwise indi¬ 
cated, are hinged at the top to swing up against the' lirst-Iloor 
joists, and that all other windows, unl('.s.s otherwi.se indicated, are 
douhle-Imng with cord and weights. The location of c'hina clo.sets, 
pantries, linen rooms, etc., in which arc cupboar<ls, drawers, hooks, 
etc., should be clearly shown. Tliese plans should be very .simple, 
carrying no details except those necessary to indictite the need for 
hardware at the various points. It is better to make the drawings on 
tracing cloth or onion skin, so that after the hardware is <Ie.signiite<l 
thereon, prints can be taken for the use of the workmt'ii. 

On these skeleton drawings, every point requiring hardware 
should be numbered. Thus, 

Basement Door.s should begin with 1, 2, .2, ote. 

“ Windows should begin with .'50, .~>l, 52, etc. 

“ Closots, cupboards, etc., should begin with flO, 01, 02, etc. 

First-story Doors shouhl begin with 101,102,103, ole. 

“ “ Windows should begin with 1.50,151, i .52, et e. 

“ “ Closets, oupboiirds,et(!., .should)>egin villi MM), T.H, 1!>2, et**. 

Second-story Doors should begin-vvitii 201, 202, 203, ete. 

“ “ Windows should begin with 250, 251,2.52, etc. 

“ “ Closets, cupboards, etc., should begin with 200, 2t)l, 202, etc,, etc. 

In this way the floor on which any number occurs can be recog¬ 
nized. Breaks in tlie numbering should bo allowt'd, u.s it will by 
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found, in working out the later details, that certain points have been 
overlooked, and numbei’s can then be assigned which will not neces¬ 
sitate any rearrangement* 

It will be noticed that in the above scheme of numbering, we 
have subdivided our hardware into three distinct lots—namely, 
ioxdoorSj fov ivindou^^^, and miscellaneous items. It is well tliroughout 



Fig. 68. Basonifiit PUin wiili Hard wart* Items Indicated. 


to keep these subdivisions entirely distinct, as in this way all liability 
to confusion will be practically avoidetl. 

riie second step is to make a list of appliances which will be 
required under the various divisions. Thus, under the heading 
Doors, we shall have 

Butts of various sizes. 

Locks ** “ kinds. 

Etc. Etc, 
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Under the heading Windoivs, we shall have such items as 

Pulleys, 

Sasli-locks^ 

Etc. Etc. 

Under Miscellaneous^ the list would include such items as 

^ Hooks, 

Drawer-pulls, 

Etc. Etc. 

Each item in this list should be numbered; and, to prevent con¬ 
fusion, designating letters should be attached, indicating th^ division 



to which it belongs. All numbers for door hardware, forexyinple, 
should carry the letter D, SiS D 1, D 2, D 3, etc.; those fr>r windows 
should carry the letter W, as W 50, W 51, IF 52, etc.; and thow' for 
miscellaneous items should carry the letter M, as d/ 90, ilf 91, .1/ 92t 
etc. 

The third step consists in placing on the druwing.s, under t'ach 
door, window, or miscellaneous item, the <lesign{itiiig numbers of 
the hardware appliances requii-ed, so that it will bo possible, by 
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merely referring to the plan, to ascertain just the hardware that will 
be required at each point. Several prints of these drawings should 
l)e made, as the successful placing of the hardware is dependent on 
following without deviation the lines thus laid down. The placing 
of a few items in wrong locations would produce confusion throughout 
the whole line. 

lire fourth step is to take three sheets of ordinary section paper 
ruled to cjuarter-inch s(puires each Avay, and to place on these sheets 
respectively, up and down at the left-hand edge, the layout numbers 
of the doors, windows, and miseellaneons items. (Sec Quantity 



32 3B 3B ^0 
50 St 32 S3 

253 

31 32 3S 30 
SO SI 52 5 3 


250 
31 32 3 8 
SO 51 52 S3 


2e\ 

31 32 38 
39.40 -4t 
50 SI 52 33 


2e2 

50 5) 52 S3 


31 32 36 39.40 
•4-1 SO 51 32 33 


31 32 36 39 AO 
A\ SO 51 S2 S3 


Mg. 70. SeuoncnFloor Plan, with IlartlwaiM^ Items Indicated. 


Sheets, pages 52-54. ) Also, across the top of the sheets, place the 
designating nuinhers of the diffeient items of hardwaix' required 
under each divisioii. Then, in the squares at the intersections of 
the linos running from the plan numbers and those dropping from 
the haKhvarc numbers, note the quantity i-ccjuircd. 

There will be many occasions when for seveiul doors or windows 
the same fixtures will be requix*ecl. This condition is apt to breed 
carelessness, and mistakes are likely to occur for lack of distinct con¬ 
sideration of each Hem. If, through lack of care, three or four unneces¬ 
sary appliances are included, their cost will more than offset the 
entire expense of making a careful bill in the first place. 
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As an exainple of how mistakes are liable to occur, note the 
window indicated between windows Nos. 255 and 256 in Fig. /O. 
This window^ being on the stair, is shown in both the first and second 
story floors, and tjie hardware therefor was included in the first-story 
items. Unless distinct consideration is given to each item, it would 
be a natural mistake to double the order for this 'window; it would also 
be a natural mistake to include blind hardware for 15S, 160, 161, 
and 162; but, by carefully examining the elevations, it is found that 
no blinds are required. Further, unless the detail sections through 
the pantry are studied, the arrangements for* drawers, cupboard, 
flour-box are not understood. 



The sheets are completed by adding the numbers in the vertical 
columus to obtain the exact number or quantity of each item ret|uired. 
Tbe success of this entire scheme depends on absolute accuracy. 

At this point is it very desirable that the results be proum correct. 
It is genetally useless to go over the ■work a second or third time, 
follo'syipig the original line, since the same mistakes are generally made 
each time. Soine independent line, accordingly, should be selected. 
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in order to detect errors. A simple method is to add the number of 
appliances required for all points on the various plans, and then add 
the numbers on the sheet last prepared; if these sums agree, it is rea¬ 
sonably certain that no mistakes have been made. 

For instance, counting the items required for doors throughout, 
we find we have as follows: 

Ba senient 14 items 

First Floor • 55 “ 

Second Floor 48 “ 

Third “ 6 “ 

Total.... 123 items required for doors. 

Adding up our quantity sheet, allowance has to be made when 
more than one of the items is used at one point. For instance three 
butts are required for each door, but they are noted on the plan as 
only one number. 

We obtain the total of the items from the quantity sheet, as 
shown on page 52, as follows: 

Under D 3, the total 93 -s- 3 = 31 items. 

“ DA, “ " 18-f-3= 6 “ 

Item D 5, is doubled at one point, so that total 3 — 1 = 2 items 
Items U 6 to 2)21, inclusive = 81 items. 

D 22 i.s only one item on the plan = 1 “ 

2) 23 and 2> 24 = 2 “ 

Total 123 items. 

In case the totals do not agree, add each floor on the quantity 
sheet so as to locate the discrepancy on one floor. When so Ibcated, 
it can be quickly found. 

The fifth step is to incorporate the quantities now found in a 
bill or list which should distinctly state the character and quality of 
each, and include the requirement that all necessary screws shall 
be provided. In doing tliis, the separate items may be described 
in detail, or referred to under their catalogtie numbers (if catalogues are 
at hand). Ordinarily, however, the most economical plan is to take 
the list to a dealer, and find what he can furnish the cheapest to meet 
each requirement. 

CATALOGUES 

It is entirely outside of the province of this paper to attempt to 
catalogue the hardware now made. There i.s no line of manufacture 
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in which the details are more intricate, and few retail or even whole¬ 
sale stores carry a full line of any particular make. To persons 
interested in the purchase of hardware, it is suggested that upon 
request the manufacturers will forwanl catalogues showing their 
various lines; or such catalogues can be borrowed from a retail 
store. Any order for other than the commonplace, low-priced, stock 
hardware will generally be filled at the factory. 

Any prices quoted in any textbook, can be taken only as a general 
guide; and it must be remembered that prices of harchvare are espe¬ 
cially liable to fluctuation. In busy times, it is often difficult to 
obtain a “bill of hardware” even at full market prices; whereas, when 
a slight easing off in business occui-s, manufacturers and their agents 
not infrequently make material cuts in prices, in order to keep their 
shops full during the quiet season. 

When work on any bill has reached this point, it is evident that 
the buyer can soon reach a decision as to whether it is ncct'ssury 
for him to buy a loAver grade of hai’dware than he finsl iuh-iuh'd, or 
whether he can afford a better. 

Under the more common, slipshod way of buying har<hvart‘ 
a man selects a few of the more prominent items witlicjiil rcc*k(»ning 
the cost of the numerous unlisted class, and is generally disap{)ointed 
at the conclusion in two ways—^first, in finding the number of items, 
and their expense, about double his first idea; and second, in finding 
that he has bought a lot of appliances not suited to hi.s wants, co.sting 
as much as the items which were desired, but which his hn;k of fore¬ 
thought and system prevented him from getting. 

Followung the lines above laid dowm, our layout plans will 
appear somewhat as illustrated in Figs. GS to 71; and our mcmtjramia 
will have assumed a form something like the following: 


Hardware for Doors 


D3 Loose-pin Japanned iron butts, with lip, 

^4 ‘t a ti ee a a 


•1 in. X i in 
5 in. X 5 in* 


7>5 Plain tee-liingeSj 14 iu, 
D6 Knob-latcheSj 72. H . 


D7 

DS 

DQ “ 
DIO 


a 

Ci 

(t 


L.ir. 

Rtopwork and pu.s.s //* 

tiuimb-boli. 


it 






HARDWAB.E 


Dll Knob-latelios, bolt. R.H. 

i>3 2 “ “ . L.Il. 

jD 13 Sli diug-door lat eJ i. 

D14 Mineral knobs. 

Z>15 Iron slore-door lal eli^ with tliuiub-piece. 
DIG Jet knobs. 

D17 Padlock a ud ha. 

D18 Chain-boll. 

D19 Slidinj;-dour iian,i»:er 
D20 Refrigerator ehuni>. 

D 21 Double~a et i ng 1) ii U s 
D22 Pu.sh-plales. 

D23 Heavy iron boh . 

D2A Pusli button foi* f‘lectri<* )>t4l. 

liardware for Windows 

IT’30 Fast-i^in plain iron 1 nit is, 3 In. x 3 in. 

Tl"3l Pulleys, 2 in. on ruuniug face 
Tr32 Sasli-lifts, Hook. 

Tr33 Heavy cellur-wiiulow fa.stencr 

ITS I Loose-pin hut ts, o in. x 5 in., sanie us D 4. 

TT’'3t’) French window lai ch, L. //. 

ir3G Extension }>oh. 

IT'37 Wire hook and eye. 

TT'38 Sash lock. 

IT'39 cord. 

ir^O weights. 

TF41 sockets. 

ir42 hook. 

n'5t) Blind hinges. 

TFol hold-backs. 

Tr/>2 catclxes. 

Wfyti “ adjuster. 

Miscellaneous Hardware 

M60 Towel hooks. 
il/Ol doat hooks. 

J/G2 Wardrobe hooks. 

JTf G3 Wire edoset hooks. 

JfG4 Kiiee-c^atches. 

Af t>5 Cupb oard spring cat ehes. 

J/GG Drawcr-pulb. 

d/G7 IjOOSC“pin butts, with tips, 3 in. x 3 in. 
MGS Fast-pin no 2 in. .x 2 hi. 

MG9 Toilet-paper holder. 

M70 Pivot for iiour-box (1 pair). 

M71 Chain to hold drop-front drawers. 

M72 Flusli-ring cupbotiitl catch. 
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Quantity Sheet, Window Hardware 



W 

ir 

Tl' 

hr 

ir 

Tr 

ir 

Tl' 

w 

1 

Tr 

TT’ 

TT' 



Tf'’ 

W 

TF 

W 


30 

31 

32 

! 33; 34 

35 

36 

37 

38 

39 

40 

41 

42 



50 

51 

52 

53 

61 

, 1 



1 

i 



1 












52 

1 



1 




1 












53 

3 



! 1 

1 



1 



. . 









54 

1 



1 

1 



1 


. . 










•55 

1 



1 

; Ci 



1 



.. 









56 


4 







i 

15 

4 









57 


4 



Cl 



. 

1 

15 

4 





. 




5S 

i 



1 

S 



1 



. . 









59 

1 



1 

C3 

yj 

. 


1 



. . 

- 








GO 

1 



1 

• 



1 












61 

1 



1 




1 


. 










62 

1 



1 




1 












150 




Xo Hurdw 

are 



c 










151 




X<> 

are 







. . 






152 

7 


, . 

No llnrdw 

are 

• • 












153 



. . 

Xo TIardw 

are 







. , 






154 


4 

*> 



... . 


i 

15 

4 

1 



. . 

3 

2 

2 

i 

155 


, . 

■ 


G 

1 

2 

• 








3 

2 

2 

1 

150 





G 

1 

2 









3 

2 

2 

1 

157 


4 



. . 



1 

15 

4 

i 




3 

2 

2 

1 

15S 


1 ! 




..j 


1 

15 

4 









159 


4 





. .1 

1 

15 

4 



. . 


3 

2 

2 


160 


1 

2 

* • 




1 

15 

•4 









101 






. . i . . 


1 

15 

4 



. . 






162 


1 

2 



• 1 • 


1 

15 

4 









^ 63 


4 

2 



,. i 


1 

15 

4 






. . 



164 

, . 


2 ' 



1 

. J 


1 

15 

4 


. . 







105 


4 ' 

2 i 



.. i 


- • 1 

1 

15 

4 









100 


\ 

o 1 



• •! 

' *1 


1 

15 

4 


c 

V? 




. . 



167 


4 

2 




, , ' 

1 

15 

4 

i 

p 



3* 

2 

2 

i* 

2 0<S : 


1 . 

2 





1 

15 

4 

1 

2 



3 

2 

2 

1 

109 ; 


-1 

2 



, . ' . t 

. . i 

1 

15 

4 

1 

c 



3 

2 

2 

1 

170 i 


4 

o » 





1 

15 

4 

1 

I,' 

. . 


3 

2 

2 

1 

250 


4 

2 



I 1 

t « f « • 1 

• • i 

1 

15 

4 

1 

tH 



3 

2 

2 

1 

251 1 

i 

• 1 

4 , 

1 



... . 1 


1 

15 

4 

1 

o 



3 

2 

2 

1 

252 


4 

2 1 



, . ' . « * 


1 

15 

4 

1 




3 

2 

2 

1 

253 ' 


4 , 

2 ’ 



.. 1 . . 


1 

15 

4 

1 




3 

2 

2 

1 

254 1 

* ' 

4 

2 



,. i .. 


1 

15 

4 

1 




3 

2 

2 

1 

255 : 

j 

i 

2 



I 


1 

15 

4 

1 




3 

2 

2 

1 

256 1 


4 

2 



. . ! . . 


1 

15 

4 

1 




3 

2 

2 

1 

257 1 


4 

2 





1 

15 

1 

1 




3 

2 

2 

1 

258 ! 


4 

2 





1 

15 

4 

1 




3 

2 

2 

1 

259 


1 4 

2 1 





1 

15 

4 

1 



! 

3 

2 

2 

1 

200 


! 4 

2 ' 





1 

15 

4 

1 




3 

2 

2 

1 

201 


i ' 

2 ' 





1 

15 

4 

1 




3 

2 

2 

1 

262 

; . 

1 4 

2 ' 





1 

15 

4 

1 




3 

2 

2 

1 

203 


i 4 

2 ■ 





1 

15 

4 

1 




3 

2 

2 

1 

351 


' 4 






1 

15 

•1 








352 


' 4 : 

, . 





1 

15 

4 




1 

... . . 


* 


353 


i 4 i 

, . 





1 

15 

4 




. . 

. , 




354 


4 : 




i 


1 

15 

4 

. * 


: • * 

. . 





355 


4 




. . 

, . 

• ' 

i 

15 

4 

1 








356 


4 ! 




. , 

. . 

I 

- . 1 

i 

15 

4 









357 


4 : 





• 


1 

15 

4 



. . 


. • 




358 


4 







1 

15 

4 






. . 





156 

,64 

10 

■ 


2 

4 

10 

j 39 

685 

156 

21 

1 



69 

46 

46 

22 
























































Quantity Sheet, Miscellaneous Hardware 



Based on the foregoing memoranda and quantitr shveis, we an' 
now prepared to make out a list covering every detail o\ hard wan' 
required, and to submit same for quotation of prices- T.liis list, with 
prices quoted as current in September, 1907, for cheap, medium, 
and best grades of hardware will assume substantially the torm of 
one of the following bills: 


BILl. No* 1 

BUI for the Cheapest Grade of Hardware which under any Conditions 


would be Suitable 

DOORS 

D3 93, 4x4 in. wrou.s:ht-iron japanned loo,qo-piii Initts, Pmn: 

6 knuckles, with tips on pins; 47 pairs.(?/ SO . 1N ... $ N . 40 

D4 18, 5x5 in. butts, same as above; 9 pairs..30 ... 2.70 

Z>5 3 Pairs 14 in. plain tee-hin^os..-O ... AM) 

D6 4 R. H. plain knob latches, brass front, and wstrike- 

plate, all interior works of brass or lironzci. (<r , SO ... 3.2(1 

D7 4 L. H-latches same as above ..SO. . . . 3.20 

D8 2R H cyiinderlatchesw'ithflatpasskeyandstop- 

work (works same as above). ((f i ... S.0‘0 

Z>9 5R.H. latches with thumb-bolt (works same as 

above) . 0^ 1.00 ... 5,f)0 

DIO 4 L. H. latches with thumb-holt (work.s siime ns 

above)...I .0(K . . . 4 .00 
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DU 

D\2 

DIS 

Dlir 

Diry 

D16 


D17 


iJlS 

1>U* 

/> 2 () 

D21 

D22 

024 


irao 

iv:u 


w:$2 


w:i.H 

li 31 


wza 


n H. H. latches, <l(^:ul-bolt, with three tumblers and 

biL key (works same as above).(^, 1.00 ... 6 00 

11 L. H. lat ches, dead-]>olt» wuh three tumblers and 

b ii key ( wo rl^^s sai n e as al) ove).(??'. 1.00 1100 

1 Slidiiiir-tloor latch, all brass or bronze except case .... 2.15 

11 Min(?ral dt^or-knol^s, round, iron escutcheons, 

('omiuoa spin(Ui‘s. (Tr .10.... 1.10 

1 Heavy japanniul iron s!ore-door latch with 

thumb-piece. .... .20 

25 Pairs jet knobs, wiili 23 pairs plain bronze-plated 

escutcheons ai^proximately l\-.x5J^ in. (q\ 34c. . . 7.82 

and 2 pairs solid bronze similar escutcheons, 1 
pair for front vestibule door, and 1 only for out¬ 
side of 2nd vestiluilo door and back hall door 

(r/ Sic. .. 1.62_ 9.44 

1 2J-in. Padlock and hasp, all iron except interior 
of padlock, which is to bo of ]>rass and Lo have 
throe tumblci*.s-, also chain for se(*urim«: padlock 

when not in use. 

3 Chain-bolls, jdain wrought, iron, bronze-plated.. 

1 riot sliding-<loor hang(*r and track, willi 5-iii. iron 

ant i-fritu ioii whools. 

1 Hefrig<u'ai or ciamp, cast-iron galvanizc<l, 6-in, 
lever haiidl(‘ with 0-in.bolt. 

1 Pair 6-in. japanned iron doublc-aoting spring 

butts. 

2 Push-platos ap}>roximately 3x12 in., wrought- 

iron, brnnae-phi< cd. <Ji) 

I Heavy iron 0-in. b<4t. 

1 SoIi<l bronze, }jlain ele(4 rh* b<41 piish-lMitton. 

Tot al cost- for doors... 


.40 

.60_ 1.80 

_ 4.00 

.40 

.... 1.75 

.40.80 

.... .15 

.20 


WINDOWS 


1 0 Pains 3x3 in, fast-pin plain inm butts. (q\ $0 .OOJ. . ,65 

156) Wirnlow pulleys, wheel 2-in. on running face, 
sf<*<4 pin and bushing, wheel and face iron, 13 


<loz. 

51 liook-piittcrn sash-lifts at least Igxl2 in. bronze- 

plated iron, doz .. 

10 Hcaivy collar-wiudow fasteners, combined witli 

pxill, japanned iron. 

t> Pairs 5x5 in. looso-pin Imtts (same as D 4) . 

2 b. II. French window latclics with lever handle 
(minilar throughout, to No. 7, except that in 

depth they are to be no more than 1 1 in). 

4 Flush bolts with knob or lever operating device, 
12 in. long, bolt | in. in diameter, all visible parts 
iron, bronze-plated..... 



L.OO.. . 

13.00 


.28_ 

1 .26 

@ 

.08_ 

.80 

(a\ 

.30_ 

1.80 

c<* 

.60_ 

1.20 


40.... 

1.60 





















HARDWARE 


WS7 10 Wire hooks and eyes, 4 in. long, wire not less 

than I in. in diameter (No. 11 gauge).(St .02... . 

TF38 39 Sasli'-locks, approximately 2^x21 in., iron, 
japanned, with horizontal action and of such de¬ 
sign that sash will be drawn ^ in., S-J doz.@ 1. OJ ... 

W39 600 feet i in, braided (white) cotton sash-cord, 13 lbs. @ . 30 . . . . 

Tr40 156 Sash-weights (iron), approximately 1,S00 lbs.. . . 01 . . 

W'41 21 Flush sash-sockets, 1 in. diameter, iron, I J doz . -25- 

rr42 4 Pull-down hooks, bronzed iron, mounted on poles 

5 feet long.® .40.... 

TF50 69 Pair's wrought-iron blind hinges.@ . 09. . . . 

TF51 46 Wrought-iron blind fasteners, 3^ doz.@ - 50... . 

TF52 46 Iron blind catches for sill, 3^- doz... .. @ -12... . 

TF53 22 Sets blind adjusters,*^' rods not less than 

diameter, which will hold the blind open at any 

angle up to 60° from the house, 1J doz. 3.50 . . . . 

Total cost for windows. 


.20 


3.25 
3.90 
31 .50 
.44 

1 .60 
6.21 
1 .92 
.46 


6.42 


$ 76.21 


M60 

ikfei 

M62 

JVf63 

M64 

jlf65 

ikf66 


ilf67 

M6S 

il/69 

2/70 

M71 

M72 


MISCELhANEOlTS HARDWARE 


7 Towel hooks, japafmed iron, projection 6 in. .(a $0.15. . . 

8 Coat ^ ... 

10 Wardrobe‘s ‘‘ “ 3Un .. (a>- .03 . . 

156 Wire closet hooks, IjV gross. @ . 90. . . . 

7 Knee-catches, iron, japanned, plate on door ap¬ 
proximately 1x2 in..00 V • • • • 

7 Cupboard spring catches round or T-hnndles, 
base not less than 2x2 in., japanned iron. ((h . 25.... 


16 Plain iron drawer-pulls, japanned, not less than 


4 in. long, otie to be used on each drawer, also one 

on fiour-box, 1J doz.® 

14 Pairs 3x3 in. loose-pin butts with tips, japanned 

iron, 2 to each cupboard door. & 

3 Pairs 2x2 in. fast-pin butts, iron (drop-front 

drawers). ® 

2 Toilet-paper holders, nickel-plated, to hold 

rolled paper, and of heavy plain pattern.@ 

1 Pair heavy iron pivots for flour-box.@ 

9 feet of light brass chain, for holding in horizontal 

position drop fronts of drawers. 

‘3 Flush-ring cupboard catches for closing drop 
fronts to drawers.® 


.40- 

.08 - 

.05- 



.Oli.... 

.30_ 


1.05 
1 .20 
.30 
.08 


.44 


1 .75 


.54 


1,12 


.15 


.60 

.15 

.14 


.90 


Total cost for Miscellaneous Items 


$9.32 


*NOT®._price of sasU-welj^htM varies materially in different localities, depend* 

ing on local facilities for casting tliem. 

#.i*]sroT 3 a!.—If of a type eCmPlnlng sill catclifor securing blinds when shut, WS2 can 
bfe dispensed With; but under any circumstances WSI will be required. 
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Summary 

Hardware'for i^oonj . ... $74.55 

Windows.'. 76.21 

Miscellaneous If oms. 9 4 32 

Total cost for cheapest grade of hardware suitable.$160.08 


The hardware items listed in the above bill are all of a substantial 
character, but of sucln grade that at no point is money expended for 
the sake of appearances. The total cost, $160.08, is certainly a very 
low amount to expend for hardware in a home of this character. In 
several points, accordingly, changes from the above list can be made 
with advantage, as follows: 

BlUL No. 2 

Hardware of Middle Grade in Every Respect Suitable 

noous 


/)3 .Ml butt.s for second at ory changed i o a good (jualil y 


}>ron 2 ;e-jdated butts, making thof^o items: 

35 Pairs, unchanged .. (a $0 .18. - . .$ 6.30 

12 Pairs, cha!ig(‘d. Of, .43.... 5.16 

1)4 9 Pairs, changed to finish as above.(Tr .57.... 5.13 

Df), D7, I>8, D{). y.>l0, Dll, D12, DVi, DU, Diry, price 

imchangc<l... . 44.45 

D^() 23 Pairs of jot knobs changed to spurn or wrought 

metal, escutcheons not changed I>ut with .swr/r- 

It'ss spindhfi . 0'> .86 ... 19.78 

2 Pairs change<l to cast bronze knobs to go with 

bronze escutciieons (outside (loots) . (rv. 1.50... 3.00 

J>17. DIK DI<K D2(), /ril, unchanged. . 8.35 

/>22 Bronze push-idates in lieu of bronzed iron (for 

wearing({uaiities only), 2.@ .60.. ., 1.20 

/>23 luudiang(‘d. .... .15 

/>21 t )ru* solid bronze cdect ric bell push-button with face- 

plaf e 2in. X 4 in.. .... .50 


Tot id cost for 75oors. $ 94.02 

WI.XDOWS 


IP30. H%31, ir32, H'33,unehanged... ....$ 15-71 

ir34 Clianged same as D4, 6 prs...$0.57.. 3.42 

ir35 l^nchanged. ..... . 1.20 

ir36 Fhifih-])olts changed to bronze^ 4. @ 1.35.... 5.40 

W37, ir38, irao, Tr40, unchanged. . 38.85 

W41 21 Sash sockets changed, 1 in. x 2 in. bronzed iron,. @ .50 doz. . 88 
W42, W50, wni , ir52, rr53, unch;?i,pged. .... 16.61 

Total cost for Windows... $82.07 
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IIARDWAUE 

MISCELLANEOUS HARDWAllK 


-V60, Jl/61 j M62, il/63, ii/64, unchanged. . jS 3 67 

^1/65 7 Cupboard spring catches, changed to bronzed 

iron (same price as japanned),. (a\ 25 . . 175 

M66 16 Drawer-pulls, changed to bronze-plated.OOdoz. .SO 

2/67 14 Pairs 3 in, x 3 in. loose-pin butts, changenl to 

bronze-plated.*..(a .is . 2.52 

2/68, 2/69, 2/70, 2/71, 2/72, unchanged. .... 1.64 

Total Cost for Miscellaneous It ein s. 8 3 0.68 

Summary 

Hardware for Doors.$ 04.02 

‘^Windows. 82.07 

‘‘ ‘ ^ Miscellaneous items. 10.08 


Total cost for hardware of middle grade in every 

respect sriitable.SI 87 .07 


If it is desired to place tke best liardtvare which is in any way 
suitable for the dwelling under consideration, a bill along the follow¬ 
ing lines would be made up (not duplicating the detail of the first or 
second bills where unchanged): 

BILL NO. 3 

Hardware Best Grade 

DOORS 

D3 All butts in second story changed to the best quality 
, of bronze-plated or wrouglit-bronze, ball-hearing 

12pairs.(rr 80.02_S 7.44 

Unchanged, 35 pairs. 

D4 9 Pairs changed to finish same as above. (*t, 

Z)5, /)6, D7, D8, D9, DIO, Dll, D12, D13, Dl4, 7215, un¬ 
changed. 

D16 23 Pairs of knobs and escutcheons, changed to cast 

metal. (a} 

2 Pairs not changed from Bill No. 2. 

D17, D18, Unchanged. 

D19 One set sliding-door hangers,changed to ball-bearing 

D20 One refrigerator clamp, changed to brass. 

D21 One spring double-acting hinge unchangetl. 

D22, D23, D24, unchanged from Bill No. 2. 

Total Cost for Doors. 

2VINDOWS 


.18... 6.30 

.75... . .75 

- 44.45 

1.50- 31.50 

. . 3.00 

2.20 
5.50 

.75 

- 1.75 

- 1 .85 

.•$13 4.46 


W20 Unchanged 


-S O.tiS 
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TT’31 

lot) Window pulleys, changed to bronze faee 

and 




wheel, roller-bearings, 3 3 doz. 

.. (a 

3 bOdoz. 

59.80 

1V;-12 

o4 Flush bronze sasb-lifts, 3 in. x in. 

(O' 

, GO doz 

2.70 

T^^33 

Same as in Bill No. 1. 



.80 

irsi 

0 Pairs, elianged to best-quality bronze-plated or 




wrouglit bronze, ball-bearing. 

. (iV 

.75.... 

4.50 

]r35 

Unchanged. . 



1.20 

Tl'36 

from Bill No. 2. 


. . , 

5.40 

irsT 

.1 . . 


. .. 

.20 

ir.is 

3U Solul bronze sash-locks, 3{ doz.. . . 

. ih' 

4,00 ... 

13.00 

irso 

(»()0 Feet sash chain in lieu <»f t*ottoii cord 

. rv 

.02i .. 

13.50 

ir^o 

Ihichaiiged from 3‘lill No 1. 



31.50 

irn 

21 Sash s<)<4v:et s, same as in Bill No, 2. 


. . . ♦ 

.88 

iri2 

*1 Bronze pull-down hooks polisliedpoles. . . . 

. . fc, 

1 .00_ 

4,00 

llYiO. 

ir.jl, irr>2, irr>3, unclianged. 



15.01 


'Fotal (’ost for W iiulow s. 



.81.53.14 


MlSC'Kl.L.tXKf >US ir.VIlDtV.VRK 



d/60. 

.U(U. .1/62, .1/63. .1/6 I, .l/6.>. Jl/66. .1/67, .1/68. 

Mm, d/70, 



.1/71, .1/72, unchanged from Bill No. 2. 

.... 

.... 

$10.98 


Summary 





Hardware for Boors. 

....$114.49 



** Wimiows. 

. . . 153 .1-1 



-Mis(*c]laneou.s Hems. 


10 9S 



Cost for llnnlwaroof i-iosl (inule.. .$278.01 

By cumpariii^ tli(‘ of these thm^ l)il]s, it will be seen that 

tlu^ priee varies as follows; 

Hill Nn. 1 —Very i)l:uti but-, thorousbly sah- 


staiifuil lianUvare..flGO 08 

Bill Xii. 2 —Varj'infj from the above by u.s- 

iiiKoiereornainoiital fixtures. 187.07 

Hill N'o. .‘{ —Hy iisiug the host material and 
a{>pliaiu*e.s appropriate... 278 61 


Attention is V(*ry particularly dia'cted to the fact that none of 
the bills call ftn* desigu-s with other tlian plain surfaces. For general 
use, where the best results from all points are desired, the sdieme 
on which Bill No. 2 is based is by far the best. Few persons would 
evtjr notice a difference between schemes No. 2 and No. 3, although 
the latter costs nearly 50 per cent more than the former. 












REVIEW QUESTIONS. 


PRACTICAL TEST QUESTION^. 

In the foregoing sections of this Cyclopedia 
numerous illustrative examples are worked out in 
detail in order to show the application of the various 
methods and principles. Accompanying these are 
examples for practice which will aid the reader in 
fixing the principles in mind. 

In the following pages are given a large number 
of test questions and problems which afford a valu¬ 
able means of testing the reader's knowledge of the 
subjects treated. They will be found excellent prac¬ 
tice for those preparing for College, Civil Service, or 
Engineer's License. In some cases numerical answers 
are given as a further aid in this work. 
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I’AET I. 


1. When a ronnd rod sustains a pull of 10,000 

pounds, what is the value of the unit-tensile stress in the rod ? 

2. What do yon understand hy Hooke’s Law ? 

3. What are the dinxensions of a square white pine post, 
needed to support a steady load of 0,500 pounds with a factor of 
safety of 8 'i 

4. How large a force is required to punch a 1-inch hole 
through a -^-hich plate, of wrought iron, if tlie ultimate shearing 
strength of the material is 40,000 pounds per square incli? 

6. Ooinparti the ultimate strengths of wmod along and aci'oss 
the grain; also the ultimate tensile and compressive strengths of 
east iron. 

0. Make a sketeli of a beam 20 feet long resting on end 
supports, and rejxresent loads of 0,000, 3,000, 1,000, and 4,000 
pounds at points 2, 5, 11, and 10 feet from the left end, respect¬ 
ively. What is the value aixd sign of the moment of each of these 
loiuia aboxit the middle of the beam? Also about the left end ? 

7. A beam 15 feet hmg is supported at two points, 2 feet 
from the right end, and 3 fiait from the left end. If the beam 
sustains a uniform loa<l of 400 pounds per foot, what are the 
values of the reactions? 

8. Comjxiite the values of the external shear and bending 
moment for the loaded beam described in question 6, at sections 
1 4, 10, and 15 feet from the left end. 

9. Draw shear and ixioment diagrams to scale for the beam 
described in question 7. 

10. Sup|>ose a T-bar 2 inches deep, has a flange 3 inches 
wide, and is ^ Inch thick throughout. Locate the center of gravity 
by computation. 
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11. Out a piece of stiff paper to tlie dimensions given in the 
preceding q^tiestion, locate its center of gi'avity by balancing, and 
state its distance from the base as yon find it by this method. 

12. ■ Draw a 1-inch, a 2-inch, and a 3-inch square touching 
each other, so that the 2-inch rests on the 3-inch square, and the 
1-inch on the 2-inch square, three of the sides being in the same 
line. How far from the bottom and the side is the center of 
gravity of the three squares ? 

13. Compute the moment of inertia of a rectangle 2 X 13 
inches with respect to its long side. 

14. A square stick of red oak timber is to carry a com- 
pressive load of 16,000 pounds. What should be its size in order 
that the unit-stress may be one-half the ultimate strength along 
the grain 1 

15. A pressed brick 2 X 4: X 8^ inches weighs about 
pounds. What will be the height of a pile of brick, so that 
the unit-stress on the lower brick shall be one-half its ultimate 
strength ? Use 8,000 pounds as the ultimate strength of the 
pressed brick. 

16. From the diagram shown on page 11, determine the 
elastic limit of wrought iron, in tension. 

17. A wrought-iron rod 2 inches in diameter sustains a 
load of 60,000 pounds. What is its working stress 2 If its ulti¬ 
mate strength is 60,000 pounds per square inch, find its factor 
of safety. 

18. A wrought-iron bar 8 inches in diameter ruptures under 
a tension of 200,000 pounds. What is its ultimate strength 2 

19. Find the diameter of a cast-iron bur designed to carry a 
tension of 250,000 pounds with a factor of safety of 6. If the Ijar 
were of wrought ii'on, what would be its diameter 2 

20. A wrought-iron bar is to be under a stress of 60,000 
pounds. Find its diameter when it is to be used in a building; 
also when it is to be used in a bridge. 

21. Find the greatest steady load a short timber post can 
sustain with safety, when it is 8 X 8 inches in cross-section and its 
ultimate compressive strength is 10,000 pounds per square inch. 

22. A wrought-iron bolt 1| inches in diameter has a head 
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inelies long. If a tension of 15,000 pounds is applied to the 
holt, find tlie tensile unit-stress and the factor of safety for ten¬ 
sion. Also find the unit-stress'tending to shear off the head of 
the bolt, and the factor of safety against shear. 

23. Find the reactions due to the loads in Fig. 9, when the 
beam is supported at its ends, and the loads are 2,000, 5,000, and 
3,000 ])onnds resjjeelively. 

24. Comjmte the shear for sections one foot apart in the 
beam I’epresented in Fig. 9, taking into consideration the weight 
of the beam, 500 pounds, and a distributed load of 400 pounds 
]>er foot, in addition to the loads as shown in Fig. 9. 

25. Construct the shear diagram for the cantilever beam 
loaded as shown in Fig. 13, when the weight of the beam is 600 
jKmnds, and the beam sustains a uniform load of 300 pounds 
per foot. 

26. A cantilever beam has a l(;ad of 800 pounds at its end 
and is also uniformly loaded with 125 pounds per linear foot; its 
length is 5 feet. Compute the bending moments for five sections 
one foot ajwirt, and construct the diagram of bending moments. 

27- A deck beam used in building has a rectangular flange 
3 inches X i inch; a rectangular web 4 inches X ^ inch; and an 
elliptical head which is 1.]^ inches in depth, and whose area is 2.6 
square inches. Find the distance of the center of gravity from 
the top of the head. 

28. Compute the moment of inertia of a steel I-beam weigh¬ 
ing 00 pounds |»er linear foot, it being 20 inches deep, with flange 
3 inches wide, and im^an thickness inch. The web is § inch 
thick and has a moment of inertia of 44G inches. 
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PART II. 


1. A cantilever beem 0 feet in length projects from a wall 
and sustains an end load of 300 pounds. The cross-section being 
as in Fig. 88, find the greatest tensile and compressive unit- 
stresses, and state where they occur. 

2. An I-beam weighing 30 pounds per foot, rests on en<l 
supports 25 feet apart. Its section modulus is 20.4 inches^ and 
its working strength 10,000 pounds ])er scpiure inch. Cabnilatt' 
weight of the beam. 

3. A wooden beam 15 feet long, 4 X 14 inches in cross- 
section sustains a load of 4,000 pounds 6 feet from one end, and 
2,000 pounds at the middle. Compute llu- greatest unit shearing 
stress. 

4. "What do you know about radius ol* gyration f tiive an 
example. 

6. Find the factor of safety of a 24-inch 80-pound sled I- 
beam 16 feet long, used as a flat-ended column to sustain a load 
of 160,000 pounds. JSTote.—Use “liaukine’s Formula." 

6. A steel Z-bar is 20 feet long and has sipiaro end.':; the 
least radius of gyration of its cross-section is 3.1 inches, and it.s 
area of cross-section is 24.6 square inches. Calculate the safe load 
with a factor of safety of 6. Kote. Use “liankine’a Formula.” 

7. Make sketches of the followincr : 

Lap joint single-riveted; 

“ “ double-riveted; 

Butt “ single-riveted; 

“ “ double-riveted. 

8. The ends of a cast-iron rod 2 inches in diameter are 
secured to two heavy bodies which are to be «lniwn togtdher, the 
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tein])eratinv of the ruil Im-iiio ;}()() degrees when fastened, to tlio 
ohji-els. A fall of 1:20 degrees has no etfeet on the ohjeets. Com¬ 
pute tlu' lt.‘iupt‘i'!it\iiv stri'ss, and state the pull exerted by the rod 
on oaoli ohjf‘C‘T. 

»*. 1 w o liult-ijK'li plates (> inelies wide are connected by a lap 

joint with tlmn" 'j“iii<*h in a row. Wlia.t is the safe strength 

of tht^ >inl { 

1(L A tintlu^r Ikoaiu t-t indies aud 20 feet long rests on 

(Old supjiorts and sustains two loa<ls of d.OOO jK)iin<ls each five feet 
lr<Mii the ends. ( <Mnpii{o tiio values of the greatest iinit-tension, 
<a)mprt*ssion, and shear in the heaiu. 

11. A 2<»~p(*nn<l <dneh I-lu^ain 12 feet long is used as a 

canlileMU' la^ain supporte<l in tlie mhhlle. If its working strength 
is pouinls per stpiare iiieh, find tlie greatest safe load that 

can hung at eat*h tuid considering the weight of the beam. 

12. (’ompin<‘ flu* sah‘ nd<ldh‘ load fora 2o-]K)und lO-inch 
I-beam 20 fiM‘t hmg, nsstingon end supf)<)rts, if its working strength 
is OkOUO pounds per square inch. Consider the weight of the beam. 

Ck Tin* \vi<lth of the flanges of an iS-ponnd Sdnch I-beam 
is '} inc*ln‘s, (Nunpai'e tla^ strtmgths of sndi abeam when used 
t I 1 witii its Web verti<\nl i Fig. 24), and (2) wlien its web is hori¬ 
zontal. 

I I. A bar of steel L ^ 0 indues in section and 24 feet long 
is useil as a beam inx tmd sup})orts, its lc>iid being 2,000 pounds 
uniformly <iistributed, and it also sustains end ])ii]Is of 20,000 
pounds, (‘onipjite tin* greati‘st unit-tensile and ooinpressiye 
stressi‘s in the bar by appro\imatt‘ metliods. (See Art. 74.) 

IT). /> limber bt*am <1 .12 indies and 20 feet long on end 

suppoirts hears a uniform h)ad of H.OOO pounds, and end pushes of 
irhtHiO pouinls. Computt* tlu* greatest unit-tensile and compress¬ 
ive stresses in the timber hy u[)proxiiuate methods. (See Art. 75.) 

10. Answer the two preceding questions l)y the exact meth- 
(wis of Art. "I <1. 

17. Two I-heunis (instiwl of chanuds) are fastened together 
as n‘presente<l in Fig. 40, <6, to make a column. They are 40- 
pound 12-inch beams, the plates are ^ inch thick and IG inches 
wide; and from center to center of tlie webs of the beams is 10 
inches, t'ompute the radii of gyration of the column section with 
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respect to two axes througli the center of gravity parallel and per- 
pendicnlar to the webs. 

18. Compute the safe loads for two white pine columns 16 X16 
and 8x8 *nches, each 14 feet long, using a factor of safety of 6. 

19. What size of white oak column 1C feet long is needed to 
carry a load of 10,000 pounds with a factor of safety of 5 ? What 
size of steel I-beam will carry the same load if the ends of the col- 
umn are flat? ITote.—'Solve for r, and use table O. 

20. Compute the size of a circular, hollow, cast-iron column 
to carry a load of 150,000 pounds with a factor of safety of 10, its 
length being 18 feet and its ends Sat. Note. Use “Rankine’s 
Formula,” and try an outside diameter of 10 inches. 

21. If a solid shaft 4 inches in diameter is subjected to a 
twisting moment of 1,000 foot-pounds, compute the greatest unit¬ 
shearing stress in the shaft. 

22. Compute the number of horse-power which a steel shaft 
6 inches in diameter can safely transmit at 200 revolutions per 
minute, if its working strength in shear' is 10,000 pounds per 
square inch. 

23. What size of circular shaft is needed to transmit 1,000 
horse-power at 100 revolutions per minute, if the W'orking strength 
of the material in shear is 12,000 pounds per square inch? 

24. How much will a round steel rod, 1 inch in diameter 
and 20 feet long, elongate under a pull of 10,000 pounds ? 

26. Compute the deflection of a 15-pound 'T'-inch I-beam 
10 feet long, when resting on end supports and sustaining a uniform 
load of 5,000 pounds. 

26. Two bars of the same size, one of wrought iron aii<l one 
of cast iron, rest on end supports and sustain equal central loads 
which are “ safe ” in each case. Which beam deflects nu)st, and 
what is the ratio of the deflection? 

27. A bar of wrought iron 10 feet long will shorten how' 
many inches during a drop of 40 degrees Fahrenheit in its tem¬ 
perature ? 

28. If the bar of the preceding question is restrained and 
prevented from shortening, what unit-stress is produced in it by the 
drop in temperature ? 
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1. Di^fine tN)nc*iirivnt and non-concurrent forces, equilibrant, 
and resultant. 

2. Wliat do you understand by the Triangle law ? ’’ 

3. Determine the inagnitude and direction of tlie resultant 
of the 400- and SdO-pimnd forces of Fig. 47. 

4. <?tuupute the magnitude and direction of the resultant 
of the UOO* and 700.pound forces of Fig. 47. 


6oolbs. 



R. Determin<» tlie Viilucs of tlio horizontal and vertical cona- 
poneuts of the 700.|>onnd force of Pig. 47. 

♦ >. Dettir!iiin«4 the magnitude and direction of the resultant 
of the four forces acting through the center of Fig- 47 ; also of 
their tnjuilibraiit. 

7. (’oiuputo the resultant of the four parallel forces repre¬ 
sented in Fig. 47. 

8. Find tho resultant of the 800-, 400-, 600-, and 800- 
pound forces of h’ig. 47. 

9. Supj»oso that the trtiss of Fig. 48 is one of several used 
to support a roof, tho trusses being 16 feet apart. What is the 
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probable weight o£ each ? What is the total roof load liorne by 
each truss if the roofing weighs 18 pounds per s»p 

10. What is the total snow load for the truss if the snow 
weighs 20 pounds per square foot (horizontal) ? 

11. Compute the total wind load for the truss i>f Questitm 
9, when the wind blows 75 miles per hour. 

12. Supposing that the right end of the truss of Fig. •I'S 
rests on rollers, and that the left end is fastened to its support, 
compute the values of the reactions {<f) when the wind blows on the 
left; (b) when it blows on the right, 90 miles per hour. 



13. Construct stress diagram for the truss of P’ig. 48 for the 
following cases: 

(a) When sustaining dead load only as compute*! in atiswer 
to Question 0. 

(b) When sustaining wind pressure on the hdt, the truss 
being supported as described in Question 12. 

(c) When sustaining wind pressure on tlie right, tlm truss 
being supported as described in Question 12. 

14. Make a complete record of tlie stressi^s as di"termiiie<l in 
answer to the preceding qiiestion for eases <f, h and r, and for 
snow load as computed in answer to Question ]0. ('oinput** from 
the recoi'd the value of the greatest stress which can coiut^ u[)on 
each member due to combinations of loads, assuming that the 
wind and enow loads will not act at the same time. 

15. Suppose that the truss of Fig. 49 is one of s<*v<*ral us(*d 
to support a roof, the trusses being 12 feet apart. Wliat is tin* 
probable weight of a truss and that of the roofing supported by 
one truss, if the roofing weighs 15 pounds pe^r square foot 

10. Compute the apex loads for the truss of Fig, 49 ft>r 
snow if it weighs 20 pounds per square foot (horizontal). 
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17. Compute tlie apex loads for tlie truss of Fig. 40 for a 
wind pressure corresponding to 75 miles per liour. 

ISi. fc^nj)[)osing tLut both ends of the truss of Fig. 49 are 
fastened to tlie supports, compute the reactions due to wind pres¬ 
sure on the left side. 



19. Construct stress diagrams for the truss of Fig. 49 for 
the followiiiij cases: 

(«\ TTlien sustaining dead load only, as computed in answer 
to Q\iestion 15. 

(h) When sustaining snow load as computed in answer to 
Question 10. 

(e) "Wlien sustaining wind pressure as computed in answer 
to Question 17. 

20. Make a conijdete record of the stresses in the truss of 
Fig. 49, as deterniined in answer to the preceding question. 
Compute from the record the greatest stress which may come upon 
each member, due to combinations of load assuming that the 
wind jmd snow loads will not act at the same time. 

21. Find the magnitude of the resultant of two forces mak¬ 
ing an angle of 70' witli each other, one being 30 pounds and the 
other 45 [»oun<ls. 

22. The lines of action of two forces of 05 a?sd 35 pounds, 
respectively, make an angle of 120\ Find the magnitude of the 
force that lio!<ls ibeni in equilibrium, and the angles that it makes 
with each given force. 

23. Dmw a force polygon for five forces in equilibrium, 
and prove tluitany diagonal of the polygon is the resultant of the 
forces on one side and holds in oipiilibrium those on the other. 
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MASONRY CONSTRUCYIOlSr. 

PART I. 


1. How may the effect of freezing of mortar be connteracted ? 

3. What precautions are required in the use of asphaltic 
concrete 1 

3. "What precautions should he observed in forniiug a foun¬ 
dation on clay ? 

4. In what situation do timber piles rapidly decay ? 

5. Describe the requisites of a good building stone. 

6. "What effect has wind and water on stone ? 

7. Describe the requisites of a good brick. 

8. For what properties are cements tested ? 

9. What is the essential requisite of a good sand for mortar 'i 

10. "What is concrete ? 

11. What qualities should clay for puddle possess i 

12. How is the bearing power of a soil increased ? 

18. Describe the apparatus required and the manner of using 
a water-jet for sinking piles. 

14. How are cribs put in place? 

16. Describe the structure of the two principal classes of 
stone and state in what way it affects the durability of the stone. 
16. How is the approximate durability of a stone ascertained ? 

• 17. How is lime distinguished from cement ? 

18, Upon what does the quality of mortar depend 'i 

19, What is the effect of freezing on mortar ? 

20. What precautions should he observed in dejwsiting con¬ 
crete ? 

21 . 


What is the effect of defective foundations ? 
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22. How are foundations formed in water? 

23., 'What difficulties are encountered in constructing cof- 
ferdanih ? 

24. Can stone be permanently preserved from decay ? 

25. State what ingredients are injurious to brick. 

20. Describe the difference between “ Natural ” and “ Port¬ 
land ” cements. 

27. What is mortar used for ? 

2S. How is mortar made ? 

20. How should the materials for concrete be prepared ? 

30. What is the essential requisite .of a foundation ? 

31. What is the safe load, by the Engineering News formula, 
for a pile which sinks 1 inch when driven with a hammer weigh¬ 
ing 3,000 lb. and falling .10 feet \ 

32. A wall having a weight of 12,000 lb. per running foot 
is to be built on two lines of piles spaced three feet apart trans¬ 
versely; how far apart must the piles be spaced longitudinally ? 

33. What is the use of a “ footing ” ? 

34. What is the proper offset for a hard brick footing undei 
a pressxire of two tons per square foot, using a factor of safety of 10 ? 

35. What breadth must a Georgia pine beam have for a 
bearing power of 5000 lb. per sq. ft., a projection of 2 ft., a 
distance between centers of 1 ft., and an assumed depth of 12 
inches ? 
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ON THK wtTji.ruorr oi-"’ 

MASOiSTRY CO:]SrSTRTJCjTTOY. 

PART IT. 


1. How is masonry classified ? 

2. How is brick masonry bonded? 

3. For what purpose is a footing used? IMiat precaution 
should be observed in its construction? 

4. What precautions should be obserx’ed in the use of iieuderK ? 

5. For what purpose is pointing used ? How is the joint pre¬ 
pared for pointing? 

6. How should sills be set? 

7. For what purpose is a pean hammer used ? 

S. What tools are used for splitting stone ? 

9. What tool is used before the bush hummer? 

10. What is the difference between a pitch faced stone and a 
drafted stone? 

11. How is the bond of masonry formed; what purj>o.s(‘ <lo<'s 
it ser\’^e ? 

12. For what purpose is a coping used; what shape shouM it 
have: how should it be secured ? 

13. For what purpose should grout l>e used ? 

14. Wliat is a bed joint ? How should a joint be formed ? 

15. For what purpose is a rip-rap used ? 

16. How should the beds of a stone lie dressed an<l wliat .shoiihl 
be their relation to each other ? 

17. What is the point used for? 

18. In dressing granite what is the first operation ? 

19. How are stones classified ? 
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20. In nrdez'ing stones wliat directions should be given ? 

21. "What is the difference between ashlar and rubble masonry ? 

22. What precautions should be observed in laying ashlar stones; 
in laying rubble iua.soniy ? 

23. What is the bond in ashlar masonry? 

2-i. In backing ashlar with rubble masonry what precaution 
should be observed? 

2.‘». How should stmtified stones be laid ? What should be 
done to a stone before it is set in the wall ? 

20. In buihling brick masonry what precaution should be 
obst'rvcd ? 

27. What kinil of bond is u.sed for tying face bricks to the 
backing? 

2.S. How is efflorescence produced? 

21). In connecting new masonry to old, how should it be done 
and why? 

30. What pressure do the w’alls of edifices bear? 

31. How should the walls of a building be carried up and why? 

32. Do the walls of dwellings require to be as thick as the walls 
of warehouses ? 

33. I'nder what condition should one wall not be bonded into 
anotluu' ? 

34. Xrnder what condition will a retaining wall have the greatest 
.stability? 

3,1. What form of retainmg wall is the most economical and 
strongest? 

3t). W'hat method of con.structing a retaining wall is defective? 

•37. IIow .should the filling behind a retaining wall be put in 
pla<'e ? 

3K. W’hat is the difference between a retaining wall and a sur- 
charge<l wall? 

,30. How are the proportion.s of retaining walls determined? 

40. State how retaining walls fail and how failure may be 
guanled agjiin.st? 

H. How are brick arches built? 

42. W’here is th<^ keyshjue of an arch located ? 

43. What is the purpose of an abutmejit? 

44. Wliat is the first step in de.siguing an arch? 
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